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THESIS ABSTRACT
The earliest civilizations have been using plants as their foundation for healing and
medicinal traditions for thousands of years. The use of plant medicinals, more commonly known
as “bush medicine” on Andros Island, has been rapidly decreasing due an increased presence of
western medicine and increased population pressures from urbanization that are threatening local
biodiversity hotspots. Ethnobotany is not only important from a conservation standpoint but is
also used to preserve traditional knowledge of herbal medicinals and applications, the people of
Andros continue to rely on bush medicine, mainly in the form of teas to help manage health
related problems. Andros Island, Bahamas is a subtropical habitat of several native and endemic
species that could contain plant secondary metabolites previously never studied and without
conservation or protection of these habitats, ethnobotanical opportunities to research natural
products and phytomedicinals will slowly decrease. Populations that utilize plants and plant
extracts need a reliable means of identifying species for safety and efficacy. Using the rbcLmatK gene coding regions, DNA barcoding can be used to identify plant species during all life
stages without the need for identifying features. Previous ethnobotanical studies and surveys on
Andros have never included a DNA barcoding database or an assay screening efficacy of any
“Bush Medicine” against Escherichia coli (E. coli), and Salmonella. The processes outlined in
this study can be used as a guide to help identify species correctly and efficiently and to
determine efficacy of the use bush medicine species for use in an ethnobotanical application.

INDEX WORDS: Andros Island, Bahamas, Bush Medicine, Ethnobotany, DNA Barcoding,
rbcL-matK Coding Region, Phytomedicinals, Escherichia coli, Salmonella enterica
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CHAPTER 1
ESTABLISHING AN ETHNOBOTANICAL BARCODE DATABASE
FOR ANDROS ISLAND, BAHAMAS

ABSTRACT
Biodiversity loss in tropical and sub-tropical regions where diversity is greatest continues
to be of concern with increased urbanization across the Caribbean, and without conservation or
protection of these habitats, ethnobotanical opportunities to research natural products and
phytomedicinals will slowly decrease. Ethnobotany is not only important from a conservation
standpoint but is also used to preserve traditional knowledge of herbal medicinals and
applications. Plant and plant extracts are still being used by approximately 80% of the world’s
population for managing health related problems and the need for a reliable means of identifying
species for safety, efficacy and quality continues to exist. Species assurance begins with
identifying a medicinal plant specimen with absolute certainty at the species level to prevent
serious or life-threatening consequences, but mistaken identity can still occur using traditional
morphological identification techniques. DNA barcoding can be used to identify plant species
during all life stages without the need for identifying features such as flowers or fruits or when
plant material has been processed to a point without any defining features. Using the rbcL-matK
coding regions of the chloroplast genome has shown to yield relatively high species
discrimination at a relatively low cost and is widely used as the core-barcode for land plants.
Establishing sequence libraries for medicinal floras that are easily accessible and can be searched
using sequences, species names and other taxonomic characteristics is critical for this type of
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DNA barcoding application. An integrated DNA barcode collection for over 1000 species of
medicinal materials in the Chinese Pharmacopoeia and American Herbal Pharmacopoeia already
exists, but additional sequences from different populations of the same species need to be
included and the current library needs to also be expanded upon. The aim of this current study
centers on the development of a plant DNA barcode database for use in ethnobotanical
applications on Andros Island, Bahamas. The process outlined in this study can be used to
identify species correctly and efficiently for use in an ethnobotanical application but there are
limitations with this process and future projects would need a more concise means of sifting
through sequence information.
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INTRODUCTION
Since the beginning of agriculture ~12,000 years ago, over 7000 wild plant species have
been collected and cultivated: presently, only about 15 plant and 8 animal species comprise 90%
of the world food supply (Subramanyan et al. 2007, Bhattarai & Khadka 2016). In tropical and
sub-tropical regions where diversity is greatest, the threat of biodiversity loss is critical (LucianoMontalvo et al. 2013). With increased population pressures throughout the Caribbean, in
particular, the extinction of species, loss of diversity and their population levels, the elimination
of habitats will be inevitable and will continue to decline in the future (Lewis 2003, Clement et
al. 2015). Without protection and conservation of a deteriorating environment, the ability to
research and provide for the growing demand of natural products and phytomedicinals will
eventually diminish.
Ethnobotany is important to conservation and can be used to preserve the traditional
knowledge that people possess (Pei 2001, Torres-Avilez et al. 2015, Heredia-Diaz et al. 2017,
Bhattarai & Khadka 2016). A large number of the indispensable drugs used in Western medicine
are based on some form of herbal medicine; medicinal plants are not only used primarily in
developing countries but is also gaining popularity in more developed countries (Sucher &
Carles 2008, Hussain et al. 2018). An ever-increasing demand exists for botanical products and
with this growing demand comes the need for an assurance of efficacy, quality and of safety
(Sucher & Carles 2008, Heredia-Diaz et al. 2017). Herbal medicines, dietary supplements and
drugs that come from plants are typically identified at the species level based on morphological
identification; a critical step to begin the process of species assurance is the ability to identify a
species with absolute certainty (Sucher & Carles 2008, Ghorbani et al 2017). Many problems
arise from the morphological identification of medicinal plant species, where improper
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identification, can have serious and in many cases tragic consequences (Suesatpanit et al. 2017,
Ghorbani et al 2017). Lack of knowledge or clerical errors could be a cause of mistaken identity
but also in many countries where various dialects are present or there exists a separation of
communities of people by geographical barriers, the same species of plant may have several
different common names, which may result in a species being assigned more than one scientific
name. The traditional identification of plants at the species level is accomplished by the careful
examination of the specimen's morphology at the macroscopic and microscopic level, usually
performed by a specialized taxonomist. Morphological identification of a plant species is not
always possible especially during field collections. Plant material may be harvested without
defining features, such as flowers or fruit, or may be processed to a point that no longer
resembles the original form.
DNA-based methods such as DNA barcoding can be used for the unequivocal
identification of plants (Kress 2017). When traditional observations techniques and methods are
unreliable, especially when dealing with cryptic species, DNA barcoding can provide an
additional taxonomic tool (Lever 2008, Thomford 2018). For plants, the identification of species
using DNA barcoding will not just be limited to times when plants are only in flower or have
produced fruit, different life stages of a plant can be used for sequencing (Ghorbani et al 2017).
Given the ease and speed of DNA sequencing, DNA barcoding is now being used to facilitate
large-scale assessments of biodiversity (Kress et al. 2005; Savolainen et al. 2005; Ennos et al.
2005; Hajibabaei et al. 2007; Hollingsworth et al. 2011) and an number of international
barcoding efforts are now underway (see the Consortium for the Barcode of Life [CBOL:
http://www.barcodeoflife.org/]).
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DNA barcoding provides a fast, accurate means of species identification using an
analysis of short segments of an organism's genome (Hebert et al. 2003a, b; Hajibabaei et al.
2005, Kress 2017). The process of barcoding DNA requires several steps. The first step is
isolating DNA from a particular species and then amplifying a certain genetic region (PCR
Amplification) and finally sequencing the barcode (Hajibabaei et al. 2005). For animals, a single
organelle region (mitochondrial cytochrome oxidase 1, CO1) is sequenced and analyzed (Hebert
2003 a,b; Hollingsworth 2008; Borisenko et al. 2009; Janzen et al. 2009). Plants have posed a
challenge because there is a relatively small amount of sequence variation in their mitochondrial
DNA (Stoeckle 2003). The search for a plant barcode required looking beyond the
mitochondrial genome that would possibly involve various combinations of genetic markers
(Hollingsworth et al. 2011). Two coding regions of the chloroplast genome, rbcL+matK, have
recently been shown to yield relatively high species discrimination at a relatively low cost and
are now widely used as the core-barcode for land plants (Fazekas et al. 2008, 2009; CBOL Plant
Working Group 2009; Burgess et al. 2011; Hollingsworth et al., 2011; de Vere et al. 2012, Kress
2017). DNA barcoding projects will no doubt require some form of database to handle and
organize the countless numbers of sequences and records that are made to build a species
identification library. Currently, The Barcode of Life Data Systems (BOLD) at the Biodiversity
Institute of Ontario (BIO) serves as the international online repository for sequences that can be
searched by sequence, species name and other taxonomic characteristics. Using the rbcL-matK
barcode, numerous studies have created and used a sequence library for a local flora to address
taxonomic and ecological questions (Kesanakurti et al. 2011; Burgess et al. 2011).
Relatively few studies have been done on medicinal floras, but the establishment of an
appropriate library to reference is critical for this application of DNA Barcoding. In 2012,
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according to surveys in China, medicinal plants cover a wide range of plant taxa, belonging to
11,146 species from 2,309 genera and 383 families (Chen et al. 2010). A rich biodiversity is
represented by medicinal plants and the search for and development of herbal medicines is
rapidly increasing worldwide. Efficacy of these medicinal plants is dependent upon the use of
the correct material and if substitutes or toxic contaminants are administered, life-threatening
poisons may occur (Lou et al. 2010, Heredia-Diaz et al. 2017). To ensure the safety of their use
while keeping up with the scale of localized and international use, a fast and accurate means of
authenticating these plants is necessary (Kress 2017). Although the rbcL-matK barcode was not
used by Chen et al. 2010 for authenticating medicinal plants, more than 8000 medicinal species
were barcoded in their study. Lou et al. (2012) has already established an integrated DNA
barcode information platform for over 1000 species of medicinal materials in the Chinese
Pharmacopoeia and American Herbal Pharmacopoeia, which is the largest collection of DNA
barcodes of its kind. This is just one resource that can be used for researchers in biodiversity or
systematic studies, as well as those in the herbal industry, the compilation of medicinal plant
barcodes is not yet complete, and more resources need to be added. Not only do more resources
need to be added but sequences from different populations of the same species need to be
included within the barcode database to characterize a species throughout its distributional range
(Kool et al. 2012, (Kress 2017).
My thesis centers on the development of a plant DNA barcode database for use in
ethnobotanical applications on Andros Island, Bahamas. To date, the ethnobotany of Andros
Island has not been documented using the rbcL, matK barcodes. Specifically, we use these
markers singly and in combination to evaluate sequence recoverability, species identification
success and the magnitude of intraspecific variability among 46 species distributed across 42
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genera and 22 families of putative medicinal plants reported from north Andros Island, Bahamas.
I ask the following questions 1) Can this process be used to identify species correctly and
efficiently for use in an ethnobotanical application? 2) What are the limitations of this process?
and 3) how could future projects such as this become more streamlined?

METHODS
Sampling
To conduct a preliminary analysis of the genetic composition of the ethnobotanical flora
of Andros Island, I sampled 63 species with ~two replicates per species; in total 114 samples
were collected. Sampling was conducted on North Andros Island, Bahamas (24˚ 30' N, 77° 55'
W) (Figure 1) during two one-week periods in August 2008 and March 2010, respectively. The
collection was prioritized for those plants with historical and/or anecdotal evidence citing
medical qualities (Howard 1979; Correll & Correll 1982; Wilmanowicz 2010, McCormack et al.
2011). The collections were also based upon accessibility to material and if the plant was in
flower and/or with fruit. When possible, the youngest leaves, fruits, and flowers were selected
for the collections. Sampling took place in proximity of the Forfar Field Station, along
neighboring streets and yards as well as frequently visited walking trails through pine yards and
around naturally occurring blue holes on the island. All specimens were mounted on herbarium
sheets, photographed and stored at the Columbus State Herbarium (COLG) as barcode vouchers.
For each specimen, ~3-5 cm2 of leaf tissue was collected in the field and stored in silica gel for
DNA isolation in the lab at CSU. All samples were identified based on standard morphological
techniques utilizing floral keys and field guides. Of the collected specimens, 46 species (94
samples in total) were selected for sequencing and analysis.

8
DNA isolation, PCR amplification, and Sequencing
Extraction of plant species DNA, PCR amplification, and sequencing was conducted at
the Canadian Center for DNA Barcoding, Biodiversity Institute of Ontario, Canada, following
their protocols (CCDB Protocols DNA Extraction; CCDB Protocols PCR Amplification; CCDB
Protocols Sequencing) (Appendix 1, Appendix 2, Appendix 3). The ribulosebisphosphate/carboxylase large subunit (rbcL) gene region and the maturase-K (matK) gene
region of the chloroplast genome were sequenced (Table 1). Forward and reverse primers were
sequenced for each gene region: rbcLa-F/rbcLa-R and matK-xf/matK-MALP. After publication,
sequences will be publicly available within the Barcode of Life Data Systems (BOLD)
(www.boldsystems.org).

Species Identification
To confirm the identity of samples, BLAST (Basic Local Alignment Search Tool)
analysis was used to help determine the identity of a sample (Chen et al. 2010). Sequenced
samples were then compared to a reference database (GenBank) of sequences of vouchered
species previously collected and identified using morphological characteristics (Kesanakurti et
al. 2011). The identity of a species was determined based on the best Bit-Score of the query
sequence results for both rbcL and matK. The “best match” for any species name was given to
the query sequence that had the highest bit score and with at least a 99% match to the sample
sequence (Kesanakurti et al. 2011). For queried sequences that did not match a single sample of
the data set for rbcL, BLAST results for matK were then utilized to determine identity of the
queried sequence. For those species that did not have a matK sequence available for a BLAST
analysis to determine a best match name the results for the rbcL BLAST with the highest bit
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score and percentage match were recorded. Results with multiple “best match” hits were all
recorded and then each result was cross-referenced with various sources to validate whether the
species was in fact a match or to eliminate matches that were not. The process to determine a
best match name included matches to possible synonyms, investigating the species distribution
(i.e. found in the Caribbean) and verifying physical characteristics of the actual herbarium
samples to keys for a “best match” result. If a best match name for the species could not be
determined, the sequence was then resolved to the genus or family level.

RESULTS
Sequence Recovery
Overall sequence recovery was high, of the 94 samples that were sequenced, 87.2%,
returned high quality sequences of either just rbcL or of rbcL and matK (Table S1). Of the 82
successfully sequenced samples, 33 individual samples (40.2%) had both rbcL and matK
sequences and 49 (59.7%) only had an rbcL sequence. Unsuccessful sequence recovery
occurred with 12 samples of individual species; 4 pairs of duplicates (Bourreria succulenta,
Bucida spinosa, Terminalia. catappa and Tetrazigya bicolor) and 4 individual samples
(Conocarpus erectus, Caesalpinia bonduc, Coccoloba uvifera and Pluchea sp.) did not have an
rbcL or a matK sequence. One rbcL sequence for Sideroxylon obtusifolium may have been
contaminated or an error possibly may have occurred during sequencing.

Species identification
Species collection and identification of the selected 94 samples were based on references
either by various Caribbean Bush Medicine resources or from interviews with the local
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Androsians, and the remainder were randomly and haphazardly selected and sent for sequencing.
There were 22 families, 42 genera, and 46 confirmed total species within the sequenced data set.
All species collected were Angiosperms, with the majority of the specimens collected falling
within the Dicotyledonaea subclass, comprising 97.8% of the total, and only one species (Bletia
purpurea) collected falls with the Monocotyledonae subclass (Table S2). Euphorbiaceae and
Fabaceae had the most abundant number of samples each in comparison to the other families,
8.7% and 18.7%. Of the 42 genera, only five had more than two species samples each in the
Asteraceae, Euphorbiaceae, Fabaceae, Scrophulariaceae and Verbenaceae families, and only
one genus/family (Manilkara/Sapotaceae) had only one sample (Figure 2). Only terrestrial
species were collected, 25 species were classified as shrubs, 13 species were herbaceous, 6
species were trees and the remaining 2 species were vines (Table S2, Figure 3). Of the 94
samples collected, all are native except for 7 species that are not native to Andros or the
Bahamas but are horticultural species (Figure 4); only 3 of the 46 of species are believed to be
endemic to the Bahamas (Cordia bahamensis, Vernonia bahamensis and Grimmeodendron
eglandulosum) (Table S2).
Genetic authentication of 12 samples could not be compared to a known genetic sequence
since these samples failed across the two gene regions (rbcL and matK) (Table S1). The initial
BLAST results of the remaining samples that had either an rbcL and/or a matK gene region
resulted in 27 samples, 15 species with a best match name identified correctly. Use of the matK
gene region BLAST, due to unresolved rbcL gene region BLAST results, allowed for the
identification of 2 additional species: Senna occidentalis and Bletia purpurea. Additionally, the
use of the matK gene region in conjunction with the rbcL gene region resulted in 9 more species
pairs to be positively identified (Lantana bahamensis, Duranta repens, Diospyros crassinervis,

11
Cajanus cajan, Stachytarpheta jamaicensis, Bletia purpurea, Nerium oleander, Gossypium
hirsutum and Bidens alba var. radiata).
In total, 70 samples comprising 34 (73.92%) different species of the 46 total species that
were collected have been recorded for use in bush medicine within the Caribbean (Table S2).
Several reference sequences were not available for a BLAST query, sequences for Cordia
bahamensis, and Tabebuia bahamensis were not available on BOLD or GenBank.
Stigmaphyllon sagraeanum, Coccoloba diversifolia, Coccoloba uvifera, Eupatoriums
capillifolium, Vachellia choriophylla, Euphorbia hyssopifolia and Pluchea odorata could not be
identified with 100% certainty with the available sequences and were resolved to genus only.
Two samples, Sideroxylon obtusifolium (originally identified as Morella cerifera) and Lantana
involucrata (VP-9a) were removed from the data set.
Approximately 70 percent of sequences needed to be cross-referenced several times
across multiple resources to address morphological misidentifications, the existence of multiple
scientific names and synonyms for a species due to the distribution of species across the
Caribbean, a lack of information exchange among the different islands and limited printed or
written resources available to reference. BLAST results for 3 species resulted in a match to a
best Bit-score to a different species than originally identified as, after more in-depth research it
was discovered that both species names were synonyms of the other (Table S3). During sequence
recovery and comparison to the BLAST results, 20 samples were initially misidentified 4
different species had duplicates of sample pairs (Lantana bahamensis, Caesalpinia sp., Leucaena
leucocephala, Stemodia maritima). Only 4 species (8 samples) sequences did not match it’s
duplicate; 3 species for rbcL (Plumeria obtusa, Myrica cerifera and Lantana involucrata) and
one species for matK (Diospyros crassinervis).
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DISCUSSION
Sequence Recovery
Of all the samples submitted for sequencing, 87.2% of the samples returned with either a
successful rbcL sequence or a sequence for both rbcL and matK (Figure 5). A total number of 49
specimens, 34 different species, had a successful recovery of an rbcL sequence. Less than half of
all the samples submitted for sequencing returned with both a successful rbcL and matK
sequence, only 35.0% (22 species, 33 individual samples) in total and zero samples returned with
just a matK sequence (Figure 5). It would be expected that the recovery of rbcL sequences
(52.1%) would be comparable to previous studies [rbcL: 98% (Kress et al. 2009), rbcL: 97.3%
(Burgess et al. 2011)] since the rbcL gene region is easy to amplify and sequence (Hollingsworth
et al. 2011). In the current study, the DNA vouchers for all of these specimens were collected in
2008 and 2010 and stored in silica gel but were not sequenced until 2016, which could be the
reason that not all samples had both an rbcL and matK sequence, degradation of DNA likely
occurred. The average base pair (bp) length of matK is much longer than the average bp length
of rbcL, the lower sequence recovery for matK could possibly be a result of DNA degradation
due to the age of samples, how the samples were collected and stored and also possible heat
damage that may have occurred to the sample (Hollingsworth et al. 2011, Suetsatpanit et al.
2017). Of the total samples in this study that were sequenced, 12 samples consisting of 8
different species failed across both gene regions (rbcL and matK) (Table S1, Figure 6). Two
samples of each of the following species could not be sequenced: Bourreria succulenta, Bucida
spinosa, Terminalia catappa, and Tetrazygia bicolor. Duplicate samples for each species were
collected for this study, unfortunately 4 pairs only returned one successful sequence: Pluchea sp.,
Conocarpus erectus, Coccoloba uvifera and Caesalpinia bonduc (Zanthoxylum bifoliolatum).
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The lack of sequence recovery from these 12 samples could be attributed to the fact that the
voucher specimens once they were collected, were then stored in silica gel for 6 to 8 years before
sequencing. Degradation of DNA from the voucher specimen for these 12 samples likely
occurred during this time. It is unfortunate that Bourreria succulenta, Terminalia catappa, and
Tetrazygia bicolor were unable to be sequenced since these are three species that are used quite
often and referenced in Androsian and Caribbean Bush Medicine (Figure 7). Similar barriers to
sequencing success have been found in deVere et al. 2012, where sequence recovery was shown
to be directly related to sample quality. Future studies should consider that because the rbcL
gene coding region is much shorter than the matK gene coding region, rbcL sequence recovery
will likely be greater than matK sequence recovery overall.
Sideroxylon obtusifolium (Morella cerifera) had to be removed from the data set due to
possible contamination by another species for the rbcL sequence and a matK sequence had not
been recovered successfully that might have provided possible resolution of the sample. Both the
rbcL and matK sequences for this sample returned a best match hit after a BLAST to the species
Duranta erecta. I am unsure how this contamination may have occurred, and even confirmed the
identity of the original specimen voucher that the submitted sample came from. Replication of
sequencing for samples in multiple different plates and multiple replicates per species that could
still provide a large enough sample size are just a few examples to help mitigate contamination.

Species resolution
High quality sequences of rbcL or of rbcL and matK provided resolution for the
successful identification at the species and genus level for the majority of the remaining samples.
Using either the rbcL or matK chloroplast region for the BLAST analysis resulted in 28.7% (27
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samples, 15 species) of the total sequences to be identified at the species level (Table S1, Figure
5). However, sequencing success using only the rbcL chloroplast region for the BLAST analysis
resulted in 28.7% (27 samples) of the total sequences to be identified at the species level. The
additional use of the matK coding region with the rbcL coding region provided additional
resolution for 9 more species: Lantana bahamensis, Duranta repens, Diospyros crassinervis,
Cajanus cajan, Stachytarpheta jamaicensis, Bletia putpurea, Nerium oleander, Gossypium
hirsutum and Bidens alba var. radiata. Species resolution of sequences for the rbcL coding
region was relatively low compared to previous studies, this current study resulted in only 28.7%
for high quality sequences and only 9.57% for the matK coding regions [rbcL: 63.4%, matK:
29.8% (de Vere et al. 2012), rbcL: 79.7%, matK: 88.3% (Burgess et al. 2011), rbcL: 75.0%,
matK: 99.0% (Kress et al. 2009)]. In the current study, two samples that each had an rbcL
chloroplast region that was used to BLAST for a best match hit could not be used to positively
identify the sample species. Senna occidentalis (VP-15a) could not be identified using its rbcL
sequence. The rbcL BLAST for S. occidentalis originally provided four different best match
hits at 100%, all with the same bit-score: Cassia levigate, Cassia occidentalis, Senna
occidentalis and Senna hirsuta. The matK blast resulted in only one best match hit, Senna
occidentalis, and was used to authenticate the species identification. BLAST results for the rbcL
gene coding region sequence for Bletia purpurea returned the top three best matches as Bletia
rosea, Arpophyllum giganteum, and Blettia parkinsonii, with none providing any definitive
resolution. Using the matK BLAST result for B. purpurea, however, provided confirmation that
this is the correct identification of the species. Species resolution utilizing multi-region analysis
(rbcL+matK) proved more successful than utilizing a single-region analysis in this study.
Another very significant reason that multi-region analysis is more effective is related to

15
sequences available for a BLAST query; individual rbcL sequences may not be available in the
database for that specific species and may only provide BLAST results for sequences that may
only be related to the species and not an exact match. An additional region for the same species,
utilizing multi-region analysis may be able to provide a more defined resolution of the species
that only one barcoding region could not.
The identification of 8 species in this collection could not be verified by way of sequence
BLAST with the current catalog of sequences available for comparison in BOLD or NCBI. A
more complete sequence reference database that could be used for DNA barcoding BLASTs
would help identify more species and might also provide more comprehensive results (Ghorbani
et al. 2017, Bell et al. 2017) More importantly, a comprehensive DNA barcode sequence
reference database could help prevent the misidentification of more species and improve specieslevel identification (Bell et al. 2017). In the current study,the following could only be identified
to Genus (Table S2): Pluchea odorata, Vachellia choriophylla, Coccoloba uvifera, Euphorbia
heterophylla, Cassia diffusa, Eupatorium capillifolium, Stigmaphyllon sagraeanum, and
Euphorbia hyssopifolia. Collectively, these results highlight the necessity for complete datasets
for the identification and verification of medical plants.

Composition of the Ethnobotanical Barcode Library
This collection consists of samples from 46 different species across 42 genera and 22
families. In their field guide on the Flora of the Bahama Archipelago, Correll & Correll (1982)
cite a total number of taxa at 1,371 which includes species, varieties, subspecies and hybrids, 660
genera and 144 families. Of these totals, 830 species, 503 genera and 134 families are found on
Andros Island specifically (Nickrent et al. 2008). The species composition of this current
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sampling makes up only a small portion of the previously cataloged flora of Andros Island,
composed of only 5.42% (39) species, across 8.55% (43) genera and 15.7% (23) families and
only 3.28%, 6.52% and 14.6%, respectively, of the entire flora for the Bahamas. More recently
however, in 2012 Acevedo-Rodriguez and Strong published Catalogue of Seed Plants of the
West Indies, that cites updated values to include a decrease in total taxa for the Bahamas at 1,337
species (including exotic, commonly cultivated and invasive species) and total taxa for native
species at 1,068, including 101 endemic. Updated values also include an increased number of
genera at 507, and a decrease in the number of families from 134 down to 127 (AcevedoRodriguez & Strong 2012; Correll & Correll 1982). A vast majority of species remains to be
collected, identified, verified and possibly discovered for not only Andros Island but for the
entire Bahamas Archipelago. The Bahamas is a very small portion of the West Indies, that not
only includes the islands of the Bahama Archipelago, but also those countries of the Greater and
Lesser Antilles (Acevedo-Rodriguez & Strong 2012). The West Indies in total, is still
considered one of the world’s biodiversity hotspots and remains a high priority of conservation
in the World due to the fragility of its ecosystems and the resident biological richness of flora
and fauna that have yet to be studied and documented (Acevedo-Rodriguez & Strong 2012).
Gymnosperm families native to the Bahamas include Zamiaceae, Pinaceae, and
Cupressaceae; species from these families are used mainly by Androsians not for Bush medicine
but instead as a resource for other needs (Correll & Correll 1982; Randolph 1994). All collected
specimens for this data set are angiosperms and Bletia purpurea, also known as Bletia rosea, is
the only species collected that falls within the Monocotyledonae subclass. Family Orchidaceae,
to which B. purpurea belongs to, is not commonly cited for use within bush medicine aside from
a few references such as Vanilla barbellate which is used as a vermifuge and other species from
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this family have other ethnobotanical uses (McCormack et. al 2011, Randolph 1994). The
remainder of the 92 specimens collected fall within the Dicotyledonaea subclass.
According to Acevedo-Rodriguez and Strong (2012), the ten most diverse families of
seed plants native to the West Indies included Fabaceaea, ranking 4th on the list with 587 native
taxa and Euphorbiaceae ranking 6th on that list with 398 native taxa which correlates to this
current sampling. The most abundant number of individuals per family in this collection, in
comparison to the other families, are from the Fabaceae and Euphorbiaceae families (Figure 7).
The 17 collected specimens from the Fabaceae make up 18.7% of the total collection and 8.7%
of the samples collected belong to the Euphorbiaceae family (Figure 2). Samples were collected
in pairs, and most genera in this data set reflects two samples each, and of the 42 genera, only
five had more than two species samples each. The Astereace family contained samples from the
following genera: Bidens, Eupatorium, Flaveria, Pluchea and Vernonia. Specimens from the
Euphorbia, Grimmeodendron and Phylanthus genus in the Euphorbiaceae family, and
Caesalpinia, Atelia, Cajanus, Cassia and Leucaena genus in the Fabaceae family. Lastly, genus
Stemodia and Buchnera in the Scrophulariaceae family and the Lantana genus, Duranta genus
and the Stachytarpheta genus in the Verbenaceae family. One would expect a correlation to
exist, since these specific families in comparison to the other families of angiosperms have a
greater number of taxa overall and are more species rich due to evolutionary and external forces.
Only one genus and family for that matter did not have a duplicate and only had one sample
Manilkara bahamensis in the Sapotaceae family. The other submitted sample for this species
(Manilkara bahamensis) returned a sequence that had been contaminated and was removed from
the data set.
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This collection consisted of all terrestrial species, including herbaceous species, shrubs,
trees and vines (Figure 3). The samples collected that are commonly used for bush medicine are
found cultivated within home gardens of the local Androsians or easily found growing wild
within walking distance from their home (McCormack et. al 2011, Randolph 1994). There were
no aquatic or epiphytic/aerial specimens collected since those are not generally used within bush
medicine on Andros. Of the herbaceous samples collected, all but one of the 14 herbaceous
species collected are native to Andros island and the Bahamas and 8 of those species are used for
Bush Medicine. The majority of the species collected were shrubs comprising more than half of
all the specimens collected (51.1%). Only 4 of the 25 collected shrub species were exotic,
invasive species and 19 of the herbaceous species collected are used for Bush Medicine. All
species of trees collected are used within/for bush medicine, of which 2 of the 6 species are
considered invasive and lastly, only 2 species of vines were collected, both of which are used in
Bush medicine as well.
Correll & Correll in their 1982 key, Flora of the Bahama Archipelago, estimated that
8.83% of the all the flowering plants and ferns of the Bahamas were endemic, and more recently
in 2012 Acevedo-Rodriguez & Strong have cited 9.45 of the native taxa in the Bahamas are
considered to be endemic. There are no references to an estimate of how many of those endemic
species make up the flora of Andros however; in this study I believe that 3 of the species
sequenced may in fact be endemic to the Bahamas: Cordia bahamensis, Vernonia bahamensis
and Grimmeodendron eglandulosum (Figure 8). The positive identification of 3 sequenced
species from this collection could not be confirmed via BLAST results from their rbcL or matK
gene region sequences. The majority of the sequences returned from the BLAST results are
within the same family and genus for the submitted sequences. Species synonyms were also not
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listed as a BLAST result and all specimens have been physically keyed and identified to the
same species multiple times. Tabebuia bahamensis, Lantana bahamensis, Cordia bahamensis
and Vernonia bahamensis are all species that I believe have been properly identified and do not
have sequences yet available for comparison. Cordia bahamensis and Vernonia bahamensis did
not have reference sequences available in GenBank or in BOLD, which led me to believe that
these two species may be endemic. Grimmeodendron eglandulosum does have reference
sequences available and was positively identified and it is considered an endemic species in the
West Indies. Two species at the time of collection were thought to be endemic but are no longer
endemic just to the Bahamas, Lantana bahamensis and Tabebuia bahamensis but can now be
found distributed outside of the West Indies in Mexico (Acevedo-Rodriguez & Strong 2012).

Medicinal plants of Andros Island: Case Studies
The collected specimens for this data set were predominately chosen for their recorded
and known use in Bush medicine on Andros Island or for their documented use in the
surrounding islands of the Caribbean. The majority of the specimens were easily found in
neighboring yards and around the Field Station from being domestically cultivated or having
been previously collected in the wild and transplanted nearby for easier access. Ease of access to
these specific species explains the high percentage of plants of known medicinal to nonmedicinal use, 34 species of the 46 collected species, respectively, within the total collection.
The only previously documented catalog of ethnobotanicals for use in medicine on Andros
Island included 105 species of 91 genera and 54 families and in comparison, this current
sampling makes up 32.4% (34) of the previously documented species of ethnobotanical use on
Andros Island, and of the previously recorded genera and families, 34.1% (31) and 37.0% (20)
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respectively (Randolph 1994). Due to their relative importance and endemic composition to the
pharmacopeia of Andros Island, below I discuss some case studies for the barcoding of the
endemic medicinal plants of Andros Island.
Cordia bahamensis
Cordia bahamensis is a very commonly used species for Androsian and Bahamian bush
medicine and is another species commonly referred to as “Granny Bush” but is also known as
“Cocobey” or “Pink Winky” (McCormack et al. 2011; Correll & Correll 1982; McNary-Wood
2003; Wilmanowicz 2010). This species of “Granny Bush” (Cordia bahamensis) should not be
confused with San Salvador’s “Granny Bush” (Croton linearis) (Figure 9) (LLNPP 2018;
McCormack et. al 2011). Cordia bahamensis is actually one synonym of Varronia bahamensis;
another synonym is Cordia lima and this species is endemic to the Bahamas (AcevedoRodriguez & Strong 2012). Previously identified and uploaded rbcL and/or matK sequences for
Cordia bahamensis or Varronia bahamensis are not currently available on BOLD or NCBI and
BLAST results only provided a best match HIT at 99.8% to Cordia spinescens (rbcL) and a
99.7% match to Cordia inemis (matK), neither of which are found in the Bahamas or in the West
Indies (Correll & Correll 1982; Acevedo-Rodriguez & Strong 2012). Varronia bahamensis, did
not have a reference sequence in GenBank or BOLD but did have a best match BLAST to
Lepidoploa arbuscula. Varronia bahamensis is synonym for Lepidoploa arbuscular, which is
cited as endemic to the Bahamas (Acevedo-Rodriguez & Strong 2012).
Grimmeodendron eglandulosum
Another species, Grimmeodendron eglandulosum, was found to also be endemic in
Acevedo-Rodriguez and Strong’s published Catalogue of Seed Plants of the West Indies in 2012
(Figure 8). Not cited at all in any bush medicine references or any field guides, so not much is
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known of this species yet. Grimmeodendron eglandulosum, also known as “Poison Bush” is
native to the Bahamas, Cuba and Hispaniola and is considered to be endemic to the West Indies
(Acevedo-Rodriguez & Strong 2012).
Tabebuia bahamensis
rbcL and matK reference sequences for Tabebuia bahamensis are not available on BOLD
for a BLAST to verify and confirm the identification of this species. Tabebuia rosea had the
highest BIT-score match to the sample’s sequences, but this species is not found on Andros or in
the Bahamas. Synonyms for Tabebuia rosea include Tecoma rosea and Tabebuia pentaphylla,
neither of which are found on Andros or in the Bahamas (Acevedo-Rodriguez & Strong 2012;
Correll & Correll 1982). Multiple confirmations of the herbarium samples to references and
keys for this species always indicated that this species is in fact Tabebuia bahamensis.
Additionally, the morphological comparison of this same herbarium sample to the species listed
as the top result from the BLAST results (Tabebuia rosea), and its corresponding synonyms are
not a match (Figure 10) (Grose & Olmstead 2007). The lack of a sequence on BOLD and NCBI
for a comparison and that the sample collected does not physically match the species result from
the BLAST also indicates that this species may not have already been sequenced previously.
Synonyms for Tabebuia bahamensis include the following: Tecoma bahamensis, Tabebuia
affinis, Tabebuia leonis and Tabebuia turquinensis and is commonly known as “Above-all”,
“Beef-bush”, “Gumwood” and “White Cedar” (Acevedo-Rodriguez & Strong 2012; Correll &
Correll 1982). Tabebuia bahamensis is native to the Bahamas and Cuba and is endemic to the
West Indies (Acevedo-Rodriguez & Strong 2012; Correll & Correll 1982).
Lantana bahamensis
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Another species without an available rbcL or matK sequence to be compared to or
aligned with to confirm the identification of Lantana bahamensis. A BLAST analysis provided a
99.9% match to Lantana camara for the rbcL and the matK sequences. Although very similar
morphologically, and impossible to differentiate without an inflorescence, “flowers mostly white
to lavender or pink-orange” is part of the description for Lantana camara in the key Flora of the
Bahama Archipelago (Correll & Correll 1982). In the same key for the taxa of vascular plants of
the Bahamas Archipelago, the characteristics for flowers of Lantana bahamensis is described as
“flowers mostly yellow or orange to red-orange, changing to brick-red or orange, sometimes
white to lavender” (Correll & Correll 1982). The flowers of the specimens collected have orange
to red-orange flowers, indicating that this species is in fact Lantana bahamensis and not Lantana
camara (Figure 11). Only one other synonym to Lantana bahamensis exists and is just another
variety, Lantana bahamensis Britton f. albiflora, common names include “Black sage” and
“Goldenrod” and this species is native to the Bahamas and endemic to the West indies Indies
(Acevedo-Rodriguez & Strong 2012; McCormack et al. 2011).
Of the 46 collected species in this sampling, only 6 species are not native to the Bahamas
or to Andros Island, the remaining species however are all native to the Caribbean and the West
Indies (Acevedo-Rodriguez & Strong 2012). Non-native introduced (exotic) species would be
expected in this sampling of bush medicine on Andros Island since the Bahamas has been
influenced by several African tribes through the slave trade, by Europeans and Amerindians,
each bringing with them the introduction of new plants (McCormack et. al 2011; Wilmanowicz
2010). These collected horticultural species include: Scaevola taccada, Leucaena leucocephala,
Nerium oleander, Gossypium hirsutum, Hibiscus rosa-sinensis and Terminalia catappa. Below,
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I briefly outline each of the non-native species that I have also included in the Ethnobotanical
DNA barcode library for Andros Island.
Scaevola taccada
Originally identified as Savia bahamensis, was collected at the Forfar Field Station and
could very well have been planted there as a decorative horticultural species that naturalized into
the surrounding area. Currently, Savia taccada, also known as “Hawaiian Sea Lettuce” is native
to the South Pacific and the Hawaiian Islands, is considered an exotic and invasive species
throughout the Caribbean, the Bahamian Archipelago, and Florida (Acevedo-Rodriguez &
Strong 2012; LLNPP 2018). Although invasive, there are a few references to Scaevola taccada
being used in the Bahamas as a purgative when consuming its berries (McNary-Wood 2003).
Leucaena leucocephala
Originally identified in the field (VP-25a & VP25-b) as Acaia choriophylla, also known
as “Cinnecord” or “Tamarindillo”. This specific specimen is located at the Forfar Field Station
and is actually identified there as “Cinnecord”, marked with a placard. Morphologically, there
are many similarities between the two, but unfortunately that particular specimen is identified by
the wrong name. Lantana leucocephala, also known as “Jumbay”, is a non-native species and is
also considered invasive (LLNPP 2018; Acevedo-Rodriguez & Strong 2012). Although
invasive, Leucaena leucocephala not only has several uses in bush medicine, bush tea for pain,
coughing and has anti-inflammatory properties, but the leaves and green seed pods are also
edible (McCormack et. al 2011; McNary-Wood 2003).
Nerium oleander
Common oleander is a cultivated ornamental species of the Periwinkle family native to
the Mediterranean and Asia and is also considered invasive in the West Indies (Nellis 1994;
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Acevedo-Rodriguez & Strong 2012; Correll & Correll 1982; Teague 2006). All parts of Nerium
oleander are highly toxic, and extracts contain cardiotonic heterosides, similar to what is found
in Digitalis to treat congestive heart failure, but also contains antibacterial and antiviral
properties used within bush medicine (Nellis 1994; McCormack et. al 2011).
Gossypium hirsutum
Wild Cotton is another exotic species, native to the Americas and Mexico, found in the
Bahamas and the Caribbean that is also considered invasive (Correll & Correll 1982; AcevedoRodriguez & Strong 2012). Originally introduced into the Bahamas with hopes of growing a
vast cotton industry, only remnant plants remain from that failed undertaking (McNary-Wood
2003; Randolph 1994). The use of Gossypum hirsutum in bush medicine is not as prevalent in
the Bahamas but has been cited for use in other locales for helping to stop spasms and for chest
complaints (Randolph 1994).
Hibiscus rosa-sinensis
Hibiscus is a popular cultivated ornamental species, native to Asia, found throughout the
West Indies and is not known to be naturally found in the wild (Correll & Correll 1982;
Acevedo-Rodriguez & Strong 2012; Randolph 1994). A decoction of the leaves and flowers of
Hibiscus rosa-sinensis are used to treat hypertension, coughs, headaches and a few other
ailments Randolph 1994, McCormack et. al 2011).
Terminalia catappa
Now naturalized in the Bahamas and commonly referred to as “West Indian Almond”
this species is considered an invasive (Correll & Correll 1982; Acevedo-Rodriguez & Strong
2012). West Indian Almond is native to the Old-World tropics and after its spread in early
history due to its edible fruits, is now widely distributed throughout the tropical and subtropical
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regions of the Western Hemisphere (Correll & Correll 1982; Acevedo-Rodriguez & Strong
2012). All of these introduced, non-native species are used on Andros Island or have been cited
for use on other West Indian islands for Bush Medicine.

Challenges
During the course of this study additional issues arose while identifying and
authenticating the various sampled specimens in this collection to include issues with BLAST hit
results to a previously unknown synonym of the original species identified, incorrect
morphology of specimens, taxonomic under-differentiation, reference sequences unavailable for
a BLAST analysis and the use of the same vernacular names for a number of different species.
These issues presented some unique challenges for using DNA barcoding to identify and
document the Ethnobotanical Flora of Andros Island, which are each discussed below with some
specific examples from this study.
BLAST Analysis and Synonyms
Six samples (three species) of this collection were originally identified and verified using
various field guides and keys before submitting for sequencing (Table S3). After uploading the
sequences to Geneious, results from the BLAST resulted with the top hit being a synonym that I
was previously unaware of for these different species: Phyllanthus niruri, Duranta repens,
Vernonia bahamanesis and Euphorbia cyathophora.
Phyllanthus niruri, also known as Gale of Wind or Hurricane Weed, was originally
identified as such utilizing a guide of Bush Medicine “Bush Medicine in Bahamian Folk
Tradition” (Hanna-Smith 2006). The BLAST result of the sequences for this species however
returned a best match hit for Phyllanthus amarus. After some cross-referencing, Phyllanthus
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niruri is in fact a synonym of Phyllanthus amarus (Correll & Correll 1982; Acevedo-Rodriguez
& Strong 2012). Phyllanthus niruri also has several other synonyms to include Phyllanthus
lathyroides as well as Phyllanthus nobilis (Acevedo-Rodriguez & Strong 2012).
Pigeonberry or Golden Dewdrop are the common names of Duranta repens, which was
collected and originally keyed utilizing Correll & Correll’s 1982 key, Flora of the Bahama
Archipelago. Sequence BLAST results for both rbcL and matK both returned 99.9% best match
hits to Duranta erecta. Duranta repens has additional synonyms including the following:
Duranta plumieri, Duranta parviflora, Duranta fletcheriana as well as other varieties of Duranta
repens and Duranta erecta (Acevedo-Rodriguez & Strong 2012).
Vernonia bahamensis was identified in the field during collection using the field guide
Flowers of The Bahamas and the Turks and Caicos Islands, and made mention of another
synonym of this species as well, Vernonia arbuscular (McNary-Wood 2003). Sequence BLAST
results however did not reflect a best match for either of these species names but instead
provided a best match name of Lepidaploa arbuscular (Acevedo-Rodriguez & Strong 2012).
Endemic to the Bahamas, Lepidaploa arbuscular also has two additional synonyms, Cacalia
bahamensis and Vernonia obcordate (Acevedo-Rodriguez & Strong 2012).
Lastly, Euphorbia cyathophora, native to the Bahamas and commonly referred to as
“Wild poinsettia” because of the bright red blotches near the base of the leaves (AcevedoRodriguez & Strong 2012; Correll & Correll 1982). Synonyms of this species include the
following: Euphorbia heterophylla, Poinsettia cyathophora, Euphorbia graminifolia, and
Ponsettia pinetorum. rbcL gene coding region sequences for this specimen resulted with a 100%
BLAST match to Euphorbia heterophylla.
Misidentification of Species
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In total, 21.3% of the sequences in this study, consisting of 11 species (20 samples),
needed their identification changed. Barcoding facilitated the discovery of these errors when
these sequences were compared to sequences in the reference database (GenBank and NCBI).
Many of the samples collected could have been mistaken for a different species out in the field,
or was identified by a common name that was not unique to just one particular species or had
several common names. Samples of unknown species were keyed as best as possible to a species
in the herbarium utilizing just the dried specimens, photos and notes from a field notebook that
were all resolved utilizing their DNA barcodes.
The collection of Pithecellobium histrix (Securinega acidoton) was actually made
inadvertently during a search for a duplicate sample of the species Bucida spinosa. The
collection of this specimen was made at a later date than that of the original Bucida spinosa
sample was made, and once returning to the herbarium at Columbus State University after
returning from Andros did I realize that they were in fact two different species and not the same.
I have individual samples of both species in the herbarium and Securinega acidoton is not in the
least bit morphologically similar to Pithecellobium histrix, and I believe that I may have made a
clerical error with my written notes and pictures and mislabeled the two samples. Either way,
the species name assigned to the sample was still incorrect and it was not until a sequence
BLAST resolved the identification of the species. BLAST results returned a best match species
for the rbcL sequence to Pithecellobium histrix, which has several synonyms to include: Inga
histrix, Feuilleea histrix and Pithecellobium calliandriflorum (Acevedo-Rodriguez & Strong
2012). This species is endemic to the West Indies and native to the Bahamas where it is
commonly referred to as “Bristly cat’s-claw” (Acevedo-Rodriguez & Strong 2012).
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Scaevola taccada, originally identified as Savia bahamensis, are both morphologically
very similar. Both species are bushy shrubs that have very similar green, leathery leaves but the
leaf arrangement and a few other minor details are different and were discovered upon closer
inspection of each of the specimens after the rbcL sequence for both samples came back as a
match to Scaevola taccada by 100%; this confirms that this species was originally misidentified.
Scaevola taccada is also known by the species name Lobelia taccada and is also an invasive
species that has been introduced to the Bahamas (Acevedo-Rodriguez & Strong 2012; Correll &
Correll 1982).
Manilkara bahamensis was originally identified as Morella cerifera while referencing
Bush Medicine of the Bahamas (McCormack et al. 2011), the synonym of which is Myrica
cerifera. Its duplicate sequence (VP-10b) was removed from the dataset due to a possible
contamination and could not be used to verify this species as Manilkara bahamensis or as
Morella cerifera. The BLAST query returned Manilkara sp. as the best match with the highest
BIT-Score and upon cross referencing this species with known species on Andros Island and
after a thorough examination of the herbarium sample concluded that this was in fact Manilkara
bahamensis (Manilkara jaimiqui subsp. emarginata (L.) Cronquist: synonym).
On Andros Island, the sample of Stemodia maritima (VP-14a, VP-14b) that was collected
is commonly referred to as “Obeah Bush” by the locals and is used very often within Bush
Medicine. As I was trying to determine the species name utilizing the common name and came
across an “Obeah Bush” cited as Peiveria alliaceae, which in fact was also misspelled since this
specific species name could not be found in any other field guides or keys (Hanna-Smith 2005).
The BLAST results returned a highest BIT-Score match to the species Stemodia durantifolia at
99.63% and 99.61%. Subsequently I realized that these two samples returned the same BLAST
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results as another set of duplicate samples had, Stemodia maritima (VP-40a and VP-40b).
Morphologically, neither of the sets of duplicates matched the BLAST results species, but the
genus however helped narrow down the possibilities. After some additional keying of this
species using Correll & Correll’s 1982 key, Flora of the Bahama Archipelago I was able to
narrow the species down to Stemodia maritima. The confusion of the use of the common
“Obeah Bush” was eventually resolved as I discovered that the common name of “Obeah Bush”
on Andros Island and Eleuthera usually refers to Petiveria alliaceae, also known as “garlic
weed”, is a different species of “Obeah Bush” than what is found on the Exumas and Long
Island, Bahamas (Stemodia maritima) (McCormack et al. 2011).
The specimen of Senna occidentalis was originally identified in the field while collecting
with a local Androsian at Red Bays by its common name “stinking pea”. Upon returning to
Forfar Field Station and researching the species name for “stinking pea”, Atelia gummifera was
the only species at the time that I could find that had a reference to a similar common name.
Atelia gummifera is a synonym of Atelia cubensis, and its common name is cited as “Stinkingpea root” (Correll & Correll 1982). A BLAST for its rbcL sequence produced best matches for
four different species, Cassia levigate, Cassia occidentalis, Senna occidentalis and Senna hirsuta
at 100%. The matK sequence however provided even more resolution, narrowing it down to
only one species, Senna occidentalis. Several synonyms of Senna occidentalis include Cassia
occidentalis, Ditremexa occidentalis and Cassia planisiliqua and is commonly known in the
Bahamas as “Coffee Senna” (Acevedo-Rodriguez & Strong 2012; Correll & Correll 1982).
Stachytarpheta jamaicensis, considered a weed by the locals, and originally identified by
the common name “Blue Rat Tail” can be found along roadsides, coppices and vacant lots
throughout the Bahamas and Caribbean (McNary-Wood 2003) The field guide that was used to
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originally identify this specimen cited this species as Stachytarpheta fruiticosa, and other
resources cite this species name as a synonym for Stachytarpheta jamaicensis (McNary-Wood
2003). In fact, these are two separate species, although they are very similar in appearance and
distinguishing between the two species in the field is a prime example of the benefits of DNA
barcoding. Both species have sequences available for BLAST, but the BLAST results for both
rbcL and matK returned with a 100% match to Stachytarpheta jamaicensis and not
Stachytarpheta fruiticosa. Native to the Bahamas, distribution of “Blue flower” or “Jamaica
vervain” is broad to include the remainder of the West Indies as well as North America, Mexico,
Central America and South America (Acevedo-Rodriguez & Strong 2012; Correll & Correll
1982). Synonyms for Stachytarpheta jamaicensis include: Verbena jamaicensis, Abena
jamaicensis, Zappania jamaicensis and several varieties of Valerianoides jamaicensi (AcevedoRodriguez & Strong 2012).
Randia aculeata, originally identified as a species only known to be native in the
Caribbean, Malpighia polytricha, commonly referred to as “Wild Cherry” or “Touch me Not”
was another species that did not have a reference sequence in GenBank or BOLD to compare to.
The BLAST query did however return results for two species: Randia loniceroides and Randia
truncate, which did not match the sample collected morphologically, but it did however narrow it
down to genus. After more research and downloading additional sequences, it was then
discovered that this species is actually Randia aculeate, and cross referenced these findings and
any available line drawings and photographs within the various resources (Correll & Correll
1982). Randia aculeate has several different varieties listed as synonyms as well as Randia mitis
and is commonly known as “Box briar” in the Bahamas and has several cited uses within bush
medicine (Acevedo-Rodriguez & Strong 2012; McCormack et al. 2011).
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In the case of Plumeria alba, which was originally identified as the native Plumeria
obtusa, was possibly identified incorrectly since at the time of collection these were not in bloom
and without an identifying flower both species are otherwise morphologically very similar.
Also, Plumeria alba was not found in the Flora of Bahama Archipelago key (Correll & Correll
1982) which was used to identify samples in this study. Endemic to the West Indies, common
names of this species include “Caterpillar tree”, “Frangipani blanc”. “Jasmine”, “Pigeon wood”
and several other names (Acevedo-Rodriguez & Strong 2012).
Stemodia maritima (VP40-a, VP-40b) collected at Attala Coppice, was another species
that was pointed out as “Obeah Bush”, but upon referencing could not find the correct species
name for this specimen and had to rely on keying the species out as best as possible utilizing
Correll & Correll’s 1982 key, Flora of the Bahama Archipelago. Originally identified as
Lepidium virginicum, but similar to Stemodia maritima (VP-14a, VP-14b) the BLAST results for
rbcL returned a highest BIT-Score match to the species Stemodia durantifolia at 99.61% and
99.61%. Once realizing that both sets of duplicates were the same species, I was able to narrow
down to genus (Stemodia) and continued to key out the identity until the species was determined.
The confusion regarding the common name was also resolved when cross-referencing another
species and “obeah bush” was referenced in the literature for a different species of bush
medicine, all dependent on the island that you were on (McCormack et al. 2011).
Several of the samples of Caesalpinia bonduc were completely unknown to myself, the
interns at Forfar and even the locals, identifying some of the specimens to include Caesalpinia
bonduc. Originally, Caesalpinia bonduc was keyed to Zanthoxylum bifoliolatum and submitted
for sequencing, before I could analyze the results from the sequence BLAST, I came across an
image of this species and cross-referenced the species in the Correll & Correll (1982) key. This
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species was in fact Caesalpinia bonduc and the BLAST results of the rbcL sequence confirmed
this.
The specimen of Leucaena leucocephala (VP-46a & VP-46b) collected near Forfar was
actually identified correctly in the field while collecting and annotated as such in the collection
note. Labeling of the specimen prior to putting in the plant press at the field station may have
been where the misidentification first occurred. Incorrectly labeled as Delonix regia, and with
the lack of additional morphological features such as flowers or fruit, to confirm species identity,
was left identified as “Royal ponciana” or “Flamboyant tree” (Acevedo-Rodriguez & Strong
2012). Also known by the species name Poncia regia, it was only after the results from the
BLAST for both the rbcL and matK sequences returned that a mistake had been made with the
identification. The sequences both came back as a match to Leucaena leucocephala at 100% and
not as Poncia regia. Leucaena leucocephala, also known as “Grenadillo bobo”, “Wild
tamarind” and “Granadino”, is considered an invasive exotic in the Bahamas that is native to
Mexico (Acevedo-Rodriguez & Strong 2012). Additional synonyms for this species include,
Mimosa leucocephala, Leucaena glauca, Acacia glauca and Acacia frondsa (AcevedoRodriguez & Strong 2012).
Intraspecific sampling
Duplicate sequence samples for Plumeria obtusa, Morella cerifera/Manilkara
bahamensis and Lantana involucrata did not match each other for rbcL and the matK sequences
for Diospyros crassinervis duplicates did not match for the species either. The sequences for the
Plumeria species collected on Andros were in fact from two different species, Plumeria alba and
Plumeria obtusa. Neither of the species at time of collection were in bloom, which could be
attributed to the misidentification, since morphologically both species are very similar in
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appearance and are found in similar environmental conditions. Plumeria alba is a horticultural
species that can be found throughout the island and Plumeria obtusa is native to Andros. One
sequence of Lantana involucrata (sample VP-9a returned with 100% match to Duranta erecta)
in a BLAST query, which in fact is the same species that was found in the neighboring well
when submitted for DNA sequencing. Additionally, the samples for Lantana involucrata,
Myrica cerifera and Diospyros crassinervis were all sequential samples (VP-9a/9b, VP-10a/10b
and VP11a/11b) in the same row and may have been contaminated or samples could have been
degraded due to external factors during specimen submission or transport. Species sample
duplicates may have occurred for several reasons: misidentification of species by multiple
common names, taxonomic under-differentiation/over-differentiation of species, lack of
published resources at the time of collection, failure to properly educate interns at the field
station, lack of experience, etc. The following had at least three specimens per species: Lantana
bahamensis, Stemodia maritima, Caesalpinia sp. and Leucaena leucocephala.
Lantana bahamensis
Originally the “two” species were separately identified as Lantana bahamensis (VP-5a &
VP-5b) and Lantana involucrata (VP-9a) while collecting in the field. During the time of
collection, not all of the specimens in the field were in bloom and as a result did not have a
sample of the flower available for collection (Figure 11). The misidentification of Lantana
bahamensis (VP-9a) could be attributed to “species complexes” used by the locals of Andros
(Kool et al. 2012). Taxonomic under-differentiation of species complexes, or groups of closely
related species for which the same common name is used (Kool et al. 2012). Lantana
bahamensis has yellow/orange flowers whereas Lantana involucrata is characterized by
white/blue flowers. The specimens in the herbarium confirms that this species is in fact L.
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bahamensis and not L. involucrata but can only be confirmed to the genus level through a
BLAST search for rbcL, MatK, and a concatenated rbcL and MatK match since a sequence for
comparison is not available on BOLD or NCBI. Sequence alignments confirmed that the
collected samples were in fact the same species, Lantana bahamensis.
Stemodia maritima
The misidentification and the collection of multiple duplicates for Stemodia maritima can
attributed to the same vernacular name being used for several different species of plants, all
dependent upon which island in the Bahamas you are on. On Andros and Eleuthra, Petiveria
alliacea is the species commonly referred to as “Obeah Bush” (also known as “garlic weed”) and
on Long Island, San Salvador and the Exumas, Stemodia maritima is their “Obeah bush”
(McCormack et al. 2011). Even more confusing is the “taxonomic over-differentiation” for the
species I was attempting to collect, Petiveria alliacea, there are several vernacular names used
for this same biological species (Kool et al. 2012). Not only is “Obeah bush” used for Petiveria
alliacea, but the common name “Granny bush” is also used to reference this species
(Wilmanowicz 2010; McCormack et al. 2011). The common name “Granny bush” then also
refers to several other species as well, to include but not limited to: Croton linearis, Cordia
bahamensis or Varronia bahamensis and Cordia brittonii (Wilmanowicz 2010; Higgs 1974;
McCormack et al. 2011). The misidentification of these collected samples could be greatly
attributed to the passing on of scientific names and vernacular names by word of mouth only
since published material to include photographs is very limited for all of these islands in the
Bahamas and the West Indies. Again, these collections were made on several separate occasions
and referencing what had already been collected was limited to photographs and notes and
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multiples of this same species were then collected under the assumption that they were in fact
different species.
Caesalpinia sp.
The first specimens were collected near Forfar Field Station, and originally identified as
Acacia choriophylla, which is also a synonym for Vachellia choriophylla (VP-22a & VP-22b).
The second set of specimens were collected a few days later near Goose Lake and was initially
identified in the field by the common name “Braziletto”, also known as Caesalpinia vesicaria
(VP-38a & VP-38b). Only after the BLAST results were consolidated for all of the sequences
did I realize that these samples collected, that were thought to be of two different species are
actually specimens from a singular species. Although the family and the genus of the species
was narrowed down by the BLAST results, the exact species could not be determined with the
available information.
Leucaena leucocephala,
The specimen for Leucaena leucocephala (VP-25a & VP-25b) was collected under the
assumption that the sign identifying the tree was correct and had been confirmed as Vachellia
choriophylla as labeled. It however was not the species as labeled and was only after returning
to the United States that this discovery was made, and instead had two specimens for Leucaena
leucocephala. A similar situation occurred with the misidentification of Delonix regia (VP-46a
& VP-46b), which was in fact also Leucaena leucocephala. To the untrained eye and the lack of
distinguishing morphological features such as flowers or fruits present during the time of
identification of a species, especially those in the Fabaceae family, confusing one species for
another could be expected.
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Future recommendations
A project such as this would not have been possible without prior consideration of all the
steps involved and required to not only collect, but dry and transport intact specimens from an
island in the Caribbean to the United States. The logistics involved did not always allow for the
proper number or type of specimens to be collected. Upon arrival to Andros, the collection of
plant specimens needs to occur almost immediately and is then only limited to the first two days
there to ensure that the samples can be transported back to the United States. Finding and
collecting specific types of specimens and then keying and properly identifying them is very time
sensitive. This limitation on time occasionally resulted in specimens not being identified
properly or duplicates never being found or acquired. Collecting specimens away from an
actual herbarium also came with additional challenges. Once the samples were collected and
placed within the plant press, primitive methods of drying the samples in the press within a very
short amount of time then began. Set up of the “dryer” generally involved chairs, cardboard and
a box fan and a constant rotation of the plant press to ensure even drying. This was particularly
challenging at times since the Field Station is located on an island, right on the beach, and the
higher levels of humidity remained constant within the open-air cabins. Possibly limiting the
number of different species collected could help mitigate issues with missing duplicates and
misidentification. Preparing the samples for transport to the United States however may not get
any easier without additional equipment available for use at the Field Station.
Resources for this study were very limited or outdated when this project first began but
have vastly improved within that time. The publication of several additional field guides in
recent years and the availability of more resources via internet have made the completion of this
study possible. A single reference or resource however still does not exist for the Caribbean or
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the Bahamas, nor do I think one ever will, The West Indies encompasses such a broad area that
one single resource could not contain all of the information within. I believe however that one
specific resource for the Bahamas could be possible for Bush Medicine, but that would also be a
very extensive collection. The 2012 publication of Catalouge of Seed plants of the West Indies
did help resolve numerous issues with species synonyms for my collection and the printing of
this resource earlier would have made the completion of this study occur much sooner than it
actually did. References are still quite limited for plant species specific for Bush Medicine to
Andros Island, the Bahamas and the Caribbean as a whole, or are inaccessible here in the United
States, but hopefully this study will aid additional research in the future.
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CHAPTER II
DETERMINING EFFICACY OF BUSH MEDICINE SPECIES
OF ANDROS ISLAND, BAHAMAS:
EVALUATION OF ANTIBACTERIAL POTENTIAL OF BUSH MEDICINE/PLANT
EXTRACTS OF ESCHERICHIA COLI AND SALMONELLA ENTERICA
ABSTRACT
For thousands of years, the earliest civilizations have been using plants as their
foundation for healing and medicinal traditions, and the basis of new drug discovery comes from
these traditional botanical prescriptions in the form of powders, teas, tinctures, poultices, and
other formulations. Teas provide an effective and safe delivery method of botanical compounds
that provide relief to ailments or are used as tonics to maintain and rejuvenate good health. The
use of plant medicines, more commonly known as “bush medicine” on Andros Island, once
common knowledge passed down from generation to generation has been rapidly disappearing.
The people of Andros continue to rely on bush medicine, mainly in the form of teas, natural
compounds from medicinal plants are safer for the environment and for individuals but younger
generations have lost the desire to learn about their traditional form of medicine. Andros Island,
Bahamas is a subtropical habitat of several native and endemic species that could contain plant
secondary metabolites previously never studied, and any information obtained is not only useful
from a conservation or biodiversity standpoint but also for health care and drug development
standpoint for Androsians. Previous ethnobotanical studies and surveys on Andros have never
included a DNA barcoding database or an assay screening efficacy of any “Bush Medicine”
against Escherichia coli (E. coli), and Salmonella. Specific plants that Androsians use regularly
as a general health tonic or to treat various ailments were screened against Escherichia coli (E.
coli) and Salmonella enterica in this present study. The aim of this current study was to
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determine efficacy of the use of these 10 particular bush medicine species. Several species
revealed some antibacterial activity for either E. coli or Salmonella or for both, confirming that
Bush Teas may actually provide relief for certain symptoms and may also help prevent or inhibit
various ailments. Additional research needs to be conducted to determine the extent of Bush
Medicine viability and efficacy.
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INTRODUCTION
Ethnobotany
Medicinal products derived from plants serve as the foundation of many cultures
throughout the world; the term "ethnobotany" itself is derived from ethnology which is the study
of culture and botany (Jachak & Saklani 2007, Newmaster & Ragupathy 2010, Balick 2016).
Ethnobotany is the scientific study of the complex relationships that exist between people and
their use of plants (Heinrich & Bremmer 2006, Newmaster & Ragupathy 2010, Balick 2016).
For thousands of years, plants have been used as medicine (Jachak & Saklani 2007, Schmidt el
al. 2006, Cock 2015, Balick 2016). The earliest civilizations, including the Assyrians and
Egyptians, used plants as their basis for the healing systems and medicinal traditions (Voeks
2004, Jachak & Saklani 2007, Cock 2015). Initially, plant-based medicines were dispensed in
the form of tinctures, poultices, powders, teas and other crude formulations (Jachak & Saklani
2007). A large proportion of the world’s population, especially those in developing countries,
continue to use and rely on medicinal plants, rich in naturally-produced chemical compounds, as
their primary method of curative treatment (Sucher & Carles 2008, Heredia-Diaz et al. 2017).
Notwithstanding advancements in the realm of modern medicine, plants and plant
extracts directly are still being used by approximately 80% of the world’s population to treat and
manage health related problems, not always by choice but by necessity (Schmidt et al. 2006,
Higgs 1974, Alonso-Castro et al. 2017, Heredia-Diaz et al. 2017). Throughout history, people
had to acquaint themselves with ways to utilize roots, leaves, flowers and fruits to cure ailments,
which over time has given rise to many of our modern medications (Higgs 1974, Clement et al.
2015). Over 40% of all the prescription drugs sold in the United States contain at least one
ingredient that has been derived from plants (Foster & Duke 2000, Mokhtar et al. 2017, Cock
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2015). For example, cardiac glycosides from foxglove (Digitalis sp.) are used in a variety of
drugs for the management of heart disease (Foster & Duke 2000, Cock 2015). Even with
modern advances in medicine, morphine, derived from the opium poppy (Papaver somniferum),
is used routinely. Morphine is used as a pain reliever for major trauma, and its use today is the
same as it was before the arrival of modern medicine (Foster & Duke 2000, Thomford et al.
2018). Many of the pharmaceuticals used to treat various ailments and diseases today have been
influenced by products found in plants. Galanthamine, isolated from Galanthus woronowii, is
used in the treatment of Alzheimer’s disease (Jachak & Saklani 2007). Quinine, obtained from
the bark of the Peruvian Cinchoma tree, is used to treat malaria, while Digitalis purpurea, a
common ornamental often cultivated for its showy flowers, is used to treat ailments of the heart
(Foster & Duke 2000, Voeks 2004, Thomford et al. 2018).
Globally-occurring, flowering plants have been estimated at 250,000 species, and
approximately half of these are found in tropical forests (Jachak & Saklani 2007, Suesatpanit et
al. 2017). Tropical habitats contain a rich library for active compounds, known as secondary
metabolites. These secondary metabolites do not appear to serve any primary metabolic
function, and their main role is to defend the plant against herbivory and attacks from predators
(Voeks 2004, Gaoue et al. 2017). Cyanogenic glucosides, tannins, phenols, and alkaloids are a
few examples of secondary metabolites, some of which are very bioactive in humans. Ephedrine
(Ephedra sinica), an alkaloid used as a decongestant, is of particular relevance to the
pharmaceutical and medicinal sciences (Voeks 2004). The alkaloids found in the Madagascar
periwinkle (Catherranthus roseus) were used to develop treatments for childhood (acute
lymphoblastic) leukemia and Hodgkin’s disease (Voeks 2004).
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The success of plant defense mechanisms used for combating pathogen infection is
illustrated by the scarcity of disease found in wild plants (Lewis & Ausbel 2006). Plants have an
ability to synthesize an almost limitless array of these secondary metabolites; a large amount of
these have developed into small-molecule antimicrobials to recognize specific pathogens (Cowan
1999, Lewis & Ausbel 2006, Thomford et al. 2018). Small molecules have a high affinity for
binding to a biopolymer such as a protein, polysaccharide or nucleic acid that can alter the
activity or function of the biopolymer. Over 100,000 of these small-molecule compounds are
made by plants to protect themselves from the overwhelming number of pathogens and insects
that are active year-round; their activity is typically weak compared to that of common
antibiotics produced by bacteria and fungi (Lewis 2003, Lewis & Ausbel 2006). Plant
antimicrobials are produced at varying levels, dependent upon their mechanism of action in
response to pathogens; these secondary metabolites are not always necessarily needed in large
quantities by the plant (Lewis & Ausbel 2006). Although the activity of some plant secondary
metabolites may seem of a lesser value than of those produced by fungus and bacteria, the ability
to create a synthetic form by chemists does exist, such as that of the antimicrobial, pyrithione
(Polyalthea nemoralis) (Lewis & Ausbel 2006).
The basis of current-day, novel drug discovery comes from the more traditional methods
that were used to initially dispense botanical prescriptions in the form of powders, teas, tinctures,
poultices, and other formulations (Jachak & Saklani 2007, Heredia-Diaz et al. 2017, Thomford et
al. 2018). Teas provide an effective and safe delivery method of botanical compounds that
provide relief to ailments or are used as tonics to maintain and rejuvenate good health. Rooibos,
or red bush tea, was first used by the people of the Khoisan tribe in South Africa as an herbal
remedy. Rooibos, through various research has been shown to boost the immune system and be
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an excellent antioxidant (Khalsa 2004). Green tea is another antioxidant that is rich in
polyphenols, which are used to diffuse free radicals from the body. Organic Echinacea tea,
originally used by Native American Comanche and Pawnee for sore throats and snake bites, has
also been found to stimulate the immune system, reduce inflammation, fight viral infection and
promote healing (Khalsa 2004). Only 1% of all tropical species have been studied for scientific
and pharmaceutical potential; therefore, the unrealized number of new compounds that may still
be found in these species is enormous (Jachak & Saklani 2007).
The use of bush medicine on Andros Island, once common knowledge that was passed
down from generation to generation and a part of everyday life, has been rapidly disappearing.
Younger generations have been introduced to more modern medicine and have lost the need or
the desire to learn about their traditional form of medicine (Clement et al. 2015). The people of
Andros continue to rely on bush medicine, mainly in the form of teas, but not as intently as they
once had. The Bahamas is made up of about 700 islands; some islands are less developed than
others making it sometimes difficult to provide adequate medical care for those living in those
areas (Hanna-Smith 2005). The local inhabitants of "The Out Islands" rely on more natural,
herbal remedies (Higgs 1974, Hanna-Smith 2005). Reliance on this type of medicine has
declined due to a greater influence by the central Bahamian government as well as more readilyavailable prescription and over-the-counter medications (Hanna-Smith 2005). Subtropical
habitats, such as those found on Andros, produce above average frequencies of plant secondary
metabolites making it of particular interest, especially considering the abundance of endemic
species (Voeks 2004, Levin 1976).
Andros Island, the largest island of the Bahamas is approximately 2300 square miles in
area, 104 miles long and 40 miles wide at its widest point (Fig.1) (TNC 2011, Carey et al. 2014).
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Andros consists of three major islands: Mangrove Cay, North Andros, and South Andros.
Andros Island is a large formation of limestone, and the land itself is covered by dense coppices,
pine forests and a countless number of inland waterways (TNC 2011). Andros has a population
of over 6,000 yet has the fewest people per square mile in all of the Bahamas (TNC 2011, Carey
et al. 2014). Of the more than 700 islands making up the Bahamas, Andros is one of fourteen
inhabited islands that are collectively known as "The Out Islands"; New Providence and Freeport
are the two most populated and developed islands of the Bahamas (BMT 2011). Compared to the
rest of the Bahamas, Andros Island does not attract the same level of tourism and has been
largely free of any commercial developments except for logging in the 1960’s, preserving much
of its natural beauty. For example, New Providence made approximately 1.4 billion dollars in
tourist activities in 2009 while Andros was able to generate about 3 million dollars on naturebased tourism such as bone fishing and diving (BMT 2011).
Andros has an abundance of fresh water not found on the other islands due to a
freshwater lens beneath the island in underground tunnels and caves (TNC 2011). The soil of
this submarine calcium carbonate mountain range is thin and discontinuous, and pock marked
with countless caves and sinkholes (McClure 1981). Difficulty of access to the island by sea on
the rocky shores of the eastern side of the island has kept Andros quite isolated from tourists and
the developments that come with these travelers (Randolph 1994, McClure 1981). The harsh
environment of the western side of Andros is mostly comprised of a salt water marsh that
supports only one settlement, Red Bays. The isolation of Red Bays from the rest of the
settlements on Andros led to a great reliance on their natural resources to provide for their daily
needs. This reliance on natural resources also led to the development of other uses of the flora
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and fauna including an extensive pharmacopoeia, more commonly referred to as “Bush
Medicine” (Randolph 1994).
Medicinal uses of the local plants are based on a collection of trial and error, facts and
folklore; much of the knowledge has been passed down from generation to generation with
distinct influences from African slaves and Native American (Seminole) refugees that escaped to
Andros Island in the early nineteenth century (Sawyer 1955). The use of this more traditional
form of medicine has declined in recent years due to easier access to more modern medicine on
the island, but teas are still made and consumed on a daily basis not only to treat ailments but
also as a beverage. The most common method of preparation is in the form of a tea or a tonic
and is often consumed with milk and sugar (Logan 1994, Smith 2006). A few examples of
commonly-used plants on Andros include Cassytha filiformis (Love Vine), Tabebuia bahamensis
(Five Finger), Thouinia discolor (Hard Bark) and Bourreria ovate (Strong Back) (McCormack et
al. 2011, Howard 1979, Wilmanowicz 2010, Correll and Correll 1986). In time, the availability
and affordability to more Western medicine for the local Androsians will be more accessible;
loss of the associated knowledge of bush medicine, will be relied upon much less and slowly
forgotten through future generations.
Information on medicinal plants and their uses by the native Androsians is not only
useful from a conservation or biodiversity standpoint but also for health care and drug
development standpoint (Pei 2001). Ethnobotanical information can be used as a basis for drug
development under the assumption that a plant that has been used by an indigenous group of
people over an extended period of time may have an allopathic use (Pei 2001, Heredia-Diaz et al.
2017). Natural compounds from medicinal plants that are safer for the environment and safer for
patients could be found to replace the synthetic compounds that occur in about 75 percent of
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prescription drugs (Foster & Duke 2000). On average, two or three antibiotics derived from
microorganisms are introduced each year, and the effective lifespan of any new antibiotic is
limited until that time when bacteria becomes resistant to it (Cowan 1999). Drugs and
antimicrobials that have been derived from plant phytochemicals have become more mainstream
and will only continue to be of use in the future.
Antibiotic Resistance
In 1998, 50 million pounds of antibiotics were produced in the United States (Levy
2001). Half of the antibiotics were prescribed to people in hospitals and medical treatment
homes, and the rest treated other organisms under the designation of "pesticide" (Levy 2001,
Pruden 2012). The use of antibiotics today is quite extensive. They are used in veterinary
medicine, in growth promotion in farm animals, and for the treatment and prevention of infection
in humans (Phillips, 1983). The development of antimicrobial agents has altered the course of
medical history forever and the array of antibiotics available for use today is remarkable. The
benefits of this type of drug and the advancements have limited effectiveness in the treatment of
harmful organisms in the form of antibacterial resistant species (Moellering 1998, Mokhtar et al.
2017). In 2011, an estimated 630,000 cases out of 12 million Tuberculosis (TB) infections were
Multi-Drug-Resistant (MDR-TB) strains and 3.7% of new cases and 20% of previously-treated
cases globally, are estimated to have MDR-TB (WHO 2013).
An excellent condition for the selection of drug-resistant bacteria is provided by our
continued misuse and overuse of antibiotics. In the United States alone, 80% of the produced
antibiotics are administered to livestock or are used as pesticides on fruit trees such as
streptomycin and tetracycline (Levy 2001, Pruden et al. 2013). The Environmental Protection
Agency (EPA) reported that 300,000 pounds of antibiotics were being sprayed onto fruit trees in
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the Southern portions of the United States, and this same practice is used in parts of South and
Central America (Levy 2001). The selective role of antibiotic agents impacting antibiotic
resistance is not only from the amounts used but also how they are being used; the same
antibiotic administered in differing ways can have significantly different effects on antibiotic
resistance (Levy 2001). The relationship between antibiotic consumption and the emergence of
resistant bacterial strains is not a coincidence; the inappropriate and careless use of
antimicrobials needs to be discouraged and minimized. Patients are often times at fault, applying
pressures to their physicians for inappropriate prescriptions of antibiotics; demanding an easy fix
for their ailments and need to instead be educated of the fact that antibiotics are not the cure for
all of their "infectious diseases" (Moellering 1998). The emergence of resistant bacterial strains
will continue to be a problem with our continued use of the currently available arsenal of
antibiotics (Moellering 1998).
With emerging diseases and the development of resistance by microorganisms to current
drugs, new and novel compounds that have the ability to help control these inevitable
forthcomings will continuously be required and may make antibiotic resistance more
manageable. Ethnobotanical research in recent years have been used for the discovery of new
drugs and new drug development (Heredia-Diaz et al. 2017); throughout Asia knowledge gained
from traditional ethnobotanical approaches of more traditional medicinal studies have helped
drug production and new drug development (Pei 2001). Many places around the world have an
abundance of natural products that have not yet been screened for potential new plant drug
discoveries for diseases or resistance to overused antibiotics.
Previous ethnobotanical studies and surveys on Andros have been conducted, but none
includes a DNA barcoding database or an assay screening efficacy of any “Bush Medicine”
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against Escherichia coli (E. coli), and Salmonella. McClure 1981 did screen for the presence of
alkaloids in six different species that commonly comprise “Love Tea” on the island and found
that half of the different species exhibited some form of antibiotic and anti-inflammatory effects.
The plants Androsians use regularly as a general health tonic or to treat various ailments
were specifically screened in this study. Results from each plant species screening will be added
to the barcoding database (BOLD) for potential medicinal uses. The minimum inhibitory
concentration of 10 species (Table 2) from North Andros Island, Bahamas, that have historical
anecdotal use among the inhabitants of the island were screened against Escherichia coli (E.
coli) and Salmonella enterica. The present study was undertaken to examine the in vitro
antibacterial activity of these 10 species of plant extracts against E. coli and Salmonella. I
hypothesize that the species Phyllanthus niruri (Figure 12), Cassytha filiformis (Figure 13),
Stemodia maritima (Figure 14), Stachytarpheta fruiticosa (Figure 15), Turnera umifolia (Figure
16), and Cordia bahamensis (Figure 17), all commonly used in bush medicine to treat maladies
of the intestinal tract, should exhibit partial or complete inhibition of the bacteria. I do not expect
the remainder of the screened species of plants to exhibit any inhibition of the bacteria. The
additional species of plants were selected based on their use as a general tonic for well-being that
are commonly included as part of Bush Teas and these include Bryophyllum pinnatum (Figure
18) and Ambrosia hispida (Figure 19). Diospyro crassinervis (Figure 20), although commonly
used to help with issues concerning fertility, it has also been documented for use as an emetic to
induce vomiting. Caesalpinia bonduc (Figure 21), which had been initially misidentified as
Zanthoxylum bifoliolatum is the last species to be screened in this study. Caesalpinia bonduc
was just of particular interest to me due to it physical appearance, armed with prickles and
having seeds that resembled small white/gray beads, and also the location of collection, among
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the remnants of the old lumber yard. The only references with use in bush medicine for C.
bonduc were in other parts of the Caribbean and outside of the Bahamas in Africa (Randolph
1996) and I was curious of any antimicrobial properties for this species.

METHODS
Antibacterial Assay (Escherichia coli & Salmonella enterica)
Sampling
During two one-week periods in August 2008 and March 2010, respectively, 30 species
with two replicates per species (60 samples in total) from North Andros Island, Bahamas (24˚ 30'
N, 77° 55' W) (Table 2) were collected by myself, and/or with Raphael Pedrozo, Jennifer Silvers,
Dr. Kevin Burgess, or Dr. William Birkhead. Sampling represented ~13% of the local medicinal
flora which consists of approximately 105 of species (91 genera; 54 families) (Randolph 1994).
Plants with historical and/or anecdotal evidence citing medical qualities were given priority
when selecting species for sampling (Howard 1979; Correll & Correll 1982; Wilmanowicz 2010,
McCormack et al. 2011). The remaining plant collections were based upon accessibility to
material and if the plant was in flower and/or with fruit. When possible, the youngest leaves,
fruits, and flowers were selected for the collections. All specimens were mounted on herbarium
sheets, photographed and stored in the herbarium cabinets at the Columbus State Herbarium
(CSU) as barcode vouchers.
Stock Solution/Media Preparation - Mueller Hinton Broth (MHB)
21.0 g of Difco MHB and 22.0 g of BBL MHB was thoroughly mixed in 1000 mL of
purified water in an Erlenmeyer flask (Zimbro and others 2009). The solution was then heated
with frequent agitation and boiled for 1 minute to completely dissolve the powder. 1000 mL of
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the stock solution was poured into 2 1L bottles/flasks. The flasks were autoclaved at 121°C for
15 minutes (Zimbro and others 2009). The prepared medium was then checked to ensure the
final pH was 7.3 ± 0.1 at 25°C and was subsequently covered and refrigerated in the cold room
with the agar plates (Zimbro and others 2009).
Preparation of the bacterial suspension Escherichia coli & Salmonella enterica (Weigand)
E. coli and Salmonella stock bacterial isolates obtained from the CSU Department of
Biology were streaked onto individual nutrient-rich agar plates to obtain single colonies, and the
plates were then incubated for 18-24 h at 37°C (Weigand et al. 2005). From each bacterial
isolate, three to five isolated colonies were selected from the fresh agar plates and transferred
into tubes containing 5 ml of Mueller Hinton Broth (MHB), one tube for E. coli and one tube for
Salmonella (Weigand et al. 2005). The contents of the tube were mixed and then incubated at
37°C in a shaker at 225 r.p.m. until the optical density (OD) at wavelength 600 nm was at least
0.5 as measured by the spectrophotometric plate reader (BIO-RAD Model 680 Microplate
Reader) (Weigand et al. 2005).
Preparation of plant extracts (performed one species at a time)
The leaves of all plants that were used for the antibacterial assay were washed and rinsed
with distilled water and dried before placing into a plant press for drying and transport.
Additional drying was required, so the plant press was oven-dried for 72 h at the temperature of
40˚ C (Eloff 1998). Extracts of each of the 10 specimens were then prepared from the dried plant
material (Eloff 1998, Romero et al. 2005). The dried leaves that were used to prepare the
solutions were ground to a fine powder using the FastPrep Instrument (average diameter of ~10
μm) (Eloff 1998). A total of 300 mg of each plant species was used to obtain extracts that
yielded enough for all trials (E. coli and Salmonella). For each bacterial screening, 150 mg of

51
each species was added into a FastPrep-24 Lysing Matrix D tube and lysed for 60 seconds at a
setting of 6.0, 1.5 mL of deionized water was then added to each tube, vortexed and lysed again
for 60 seconds at a setting of 6.0, twice. Each tube was then centrifuged for 60 seconds at 3500
rpm, in lieu of steeping. 1 mL of the supernatant from each species was then extracted and
transferred to a sterile 2 mL tube, to which 1 mL of deionized water was then added. The extracts
were then filtered using a sterile syringe filter with a membrane of 0.45 μM under the hood in the
clean room (Dunkle et. al 2014). The tubes were then labeled and stored at 4°C and used within
24 hours of preparation.
Minimal Inhibitory Concentration (MIC) Serial Dilutions
100μL of TSB broth was pipetted into all wells of a row for each plant extract in a 96well plate. Serial dilutions for each row were initiated by adding 100μL of each plant extract to
column H and mixed with a pipette, 100μL was then withdrawn from column H, and then added
to column G. The contents of column G was then mixed with a pipette, 6-8 times as well and this
process of transferring and mixing of the contents from one column to the next was repeated all
the way down to column A. Each well of the first row (columns H-A) was then inoculated with 5
μL of the bacterial suspension (CMDR) and this row was then triplicated to fill rows 1 through 3.
The control for each plant extract assay consisted of serial dilutions of TSB and plant extract;
100μL of TSB broth was pipetted into all wells of row 5. 100μL of each plant extract was then
added to column H and mixed with a pipette, 100μL of the solution was then withdrawn from
column H, and then added to column G. The TSB broth and the diluted solution from column H
added to column G was then mixed with a pipette, 6-8 times. 100μL of this solution was then
withdrawn from column G and added to column F; this process of transferring and mixing of the
contents from one column to the next was repeated all the way down to column A. The control
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for each plant extract assay was also performed in triplicate to fill rows 5-7. Three wells each of
just the bacterial suspension, the TSB, plant extract and the bacterial isolate in TSB suspension
were also included on the plate (Figure 22). One μL of each well was then plated onto an agar
plate using a pipette tip for each spot (EUCAST 2000), inverted and incubated (Figure 23)
(Weigand et al. 2005). The optical density (OD) of the microtiter plates was then determined at
600nm and the values were recorded for each well (Devienne & Raddi 2002) and compared to
final absorbance values. To rule out absorbance due to color of the plant extract when measuring
OD, the negative control was set to the wells lacking the bacteria (Kumari & Gupta 2015).
Microtiter plates and agar plates were incubated at 37°C for 24 hours (Weigand et al. 2005).
Reading Microtiter Plates
Validity of the test was ensured by the presence of a definite turbidity or the appearance
of sediments (button size in microtiter plates ≥ 2mm) in the well (Weigand et al. 2005). Pictures
of each microtiter plate were taken and given a “positive” or “negative” classification and
recorded on the corresponding chart. The lowest concentration of plant extract that inhibited
growth was recorded as the MIC value (CLSI 2012) and the highest dilution of the plant extract
which killed all the test organisms was considered as minimum bactericidal or lethal
concentration (Kumari & Gupta 2015). If growth occurred in all wells containing the diluted
plant extract, the MIC was recorded as greater than the highest concentration (Weigand et al.
2005). The contents of all wells were not mixed with a pipette to re-suspend clumped cells at
the bottom of the wells in solution before taking spectrophotometer readings due to bubbles
forming and affecting the OD values. A spectrophotometer was used to read the 96-well
microtiter plates at wavelength 600 nm (Zgoda and Porter 2001) and these readings were verified
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at least 3 times for each plate and these recorded absorbance values were then subtracted from
those of the negative controls.

Statistical analysis
Microtiter plates
A one-way ANOVA tested the difference between the three trials of each species,
replicated three times across concentrations of each plant extract before and after incubation. The
difference between means was tested using Least Significant Difference (LSD). A p value <0.05
was considered significant (Saha et.al 2007).

RESULTS
MIC of plant extracts against Escherichia coli (E. coli) & Salmonella
Mean values of optical density (O.D.) indicating the turbidity due to bacterial growth of
E. coli and Salmonella in various dilutions of each plant species is shown in Table 3. There was
no growth in the negative control wells (Group J) containing broth and plant extracts (Table 3).
Although no plant extract inhibited bacterial growth of E. coli or Salmonella completely, there
was a statistically significant interaction between the O.D. values of various species of plant
extracts at various dilutions.
Four different plant species at the highest concentration in solution for both E. coli and
Salmonella trials exhibited statistically significant results. Groups A (extracts diluted to 1:4) for
Stemodia maritima (Figure 24), Turnera umifolia (Figure 25), Ambrosia hispida (Figure 26), and
Cordia bahamensis (Figure 27) had mean O.D. values corresponding to bacterial growth for both
E. coli and Salmonella that were significantly lower than the other Groups (Table 4), indicating
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that bacterial growth was in fact inhibited more so than in the other groups. There was a
statistically significant difference between the concentrations of Stemodia maritima as
determined by one-way ANOVA (F (7,16) = 3.238, p = 0.024) and (F (7,16) = 3.625, p = 0.016) for
E. coli and Salmonella, respectively. I hypothesized that Stemodia maritima would exhibit a
partial or complete inhibition of bacterial growth, an LSD post hoc revealed that the O.D. value
for Stemodia maritima was significantly lower for Group A (1:4) against all other groups with
the exception of Group H (1:512) for E. coli (0.24 ± 0.13, p < .008) and Group A was
significantly lower for Salmonella (0.21 ± 0.05, p < .008) as compared against all other Groups
(B-H). Turnera umifolia optical density values for extract concentrations (Group A, 1:4) were
also significantly different from the other concentrations for E. coli (F (7,16) = 2.964, p = 0.034)
and Salmonella (F (7,16) = 6.799, p = 0.001) as determined by one-way ANOVA. With the
exception of Group H (1:512), Turnera umifolia was statistically different, indicating inhibition
of bacterial growth, from all other Groups (B-H) for E. coli (0.22 ± 0.05, p < .015). The same
analysis revealed a statistical significance for Turnera umifolia’s Group A (1:4) compared to all
other Groups for Salmonella (0.23 ± 0.05, p < .007). Optical density values for E. coli (F (7,16) =
21.386, p = 0.000) and Salmonella (F (7,16) = 2.905, p = 0.037) for Ambrosia hispida were
significantly different as well for Group A as determined by one-way ANOVA. More
specifically, Group A had O.D. values that were significantly lower from O.D. values from all
other Groups for E. coli (0.46 ± 0.14, p = .000) and Group A for Salmonella not only differed
significantly from Group B through Group H (0.20 ± 0.10, p < .043) but was also lower than the
Control Positive (0.22 ± 0.10). Cordia bahamensis was the last species to exhibit statistically
significant differences at the 1:4 (Group A) concentration for both E. coli (F (7,16) = 4.354, p =
0.007) and Salmonella (F (7,16) = 8.880, p = 0.000). An LSD post hoc revealed that the mean for
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Group A was lower than the mean control positive (0.17 ± 0.07) it inhibited more bacterial
growth than from the other Groups for E. coli (0.16 ± 0.09, p < .020). Cordia bahamensis was
also statistically significant at the 1:4 concentrations (Group A) in comparison to the other
Groups for Salmonella (0.21 ± 0.08, p < .002).
Stachytarpheta fruiticosa (Figure 28) was the only species to have statistically significant
O.D. values at the 1:4 and 1:512 concentrations for both E. coli and Salmonella. Group A (1:4)
and Group H (1:512) for Stachytarpheta fruiticosa exhibited significantly lower turbidity
(bacterial growth) as compared to the other dilutions from Groups B through Groups H (Table 4)
as determined by one-way ANOVA (F (7,16) = 5.972, p = 0.002) and (F (7,16) = 9.374, p = 0.000)
for E. coli and Salmonella, respectively. An LSD post hoc for Stachytarpheta fruiticosa against
E. coli revealed that Group A (1:4) was lower than the control positive (0.16 ± 0.10) for the trial
but was also statistically different from Group B through Group G (0.11 ± 0.02, p < .017).
Group A for Stachytarpheta fruiticosa was statistically significant when compared to the mean
values for Groups B through Groups G (0.26 ± 0.06, p < .012) for Salmonella.
For Escherichia coli Groups A (1:4) and Groups H (1:512) for Phyllanthus niruri (Figure
29) (F (7,16) = 2.757, p = 0.044), Caesalpinia bonduc (Figure 30) (F (7,16) = 6.888, p = 0.001), and
A. hispida (F (7,16) = 21.386, p = 0.000) had significantly lower O.D. values than that of the other
Groups per species (Table 4) as determined by one-way ANOVA. An LSD post hoc revealed
that Group A for Phyllanthus niruri (0.09 ± 0.04, p < .022) was not only statistically different
from Groups B through G but was also had a mean value lower than the control positive (0.19 ±
0.08). Caesalpinia bonduc’s Group A (0.21 ± 0.15, p < .001) and Group H (0.35 ± 0.16, p <
.018) were statistically different from all other concentrations (Groups B-G) across this trial.
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Ambrosia hispida is the last species to exhibit statistically significant differences for Group A
(0.11 ± 0.02, p < .000) and Group H (0.39 ± 0.07, p < .056) in trials in E. coli.
MIC values for Groups A and Groups H for Cassytha filiformis (Figure 31) and
Diospyros crassinervis (Figure 32) for Salmonella trials were also significantly different when
compared to the other Groups. There was a statistically significant difference between Groups A
(0.33 ± 0.06, p < .033) and Groups H (0.36 ± 0.03, p < .011) compared to the other Groups, as
determined by one-way ANOVA for Salmonella for Cassytha filiformis (F (7,16) = 6.820, p =
0.001). D. crassinervis (F (7,16) = 9.610, p = 0.000) as determined by a one-way ANOVA
exhibited similar results for Salmonella. Group A (0.29 ± 0.06, p < .006) and Group H (0.36 ±
0.03, p < .065) were statistically different in comparison to the other Groups (B-G) in these trials
for Salmonella.
There was no statistically significant difference between the concentrations for
Bryophyllum pinnatum (Figure 33) for both E. coli (F (7,16) = 1.596, p = 0.207) and Salmonella (F
(7,16)

= 2.095, p = 0.105). Negligible activity against E. coli was also found for Cassytha

filiformis (F (7,16) = 0.521, p = 0.806) and Diospyros crassinervis (F (7,16) = 1.070, p = 0.425).
Optical density values across the concentrations (Group A - Group H) for Salmonella for
Phyllanthus niruri (F (7,16) = 0.645, p = 0.713) and Caesalpinia bonduc (F (7,16) = 1.119, p =
0.398) were also not statistically significant.
All of the species trials for both Escherichia coli and Salmonella did exhibit higher OD
values for concentration levels between Groups B (1:8) and Groups G (1:256) than the bacterial
control OD values for the respective trials.
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DISCUSSION
Bush Teas
In this study, ten different species of plants were screened against Escherichia coli and
Salmonella to determine efficacy along various concentrations. Mean optical density values for
each species and concentration that were obtained from the MIC screenings are listed in Table 4.
The results revealed that several species possessed some antibacterial activity at the 1:4
concentrations for either E. coli or Salmonella or for both, confirming that there are potential
bioactive compounds present in these various species that may be of use or benefit to the medical
industry after more extensive research with these particular species. These trials confirm that in
fact bush medicine is of significance and that these Bush Teas and various Bush recipes may
actually provide relief against various symptoms or maladies that have been passed down
through the generations. The “general tonics” that are consumed on a daily basis may also help
prevent or inhibit various illnesses. More research needs to be conducted to determine the extent
of Bush Medicine viability and efficacy.

Use of Bush Medicine for Diarrhea
Stemodia maritima, Turnera umifolia, Cordia bahamanesis, Stachytarpheta fruiticosa,
Phyllanthus niruri and Ambrosia hispida are six species of plants commonly used in bush
medicine to treat diarrhea, all are unrelated and from different families, they all are however used
for a variety of ailments and not just for intestinal issues.
Stemodia maritima, Turnera umifolia, Cordia bahamanesis, and Stachytarpheta
fruiticosa all had lower O.D. values at the 1:4 concentrations than their respective control
positives for both E. coli and Salmonella, indicating that they exhibit inhibitory properties. This
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would be expected since a major symptom of both E. coli and Salmonella is diarrhea. Stemodia
maritima, also known as “Obeah Bush”, elsewhere in the Bahamas, should not be confused with
Petiveria alliacea, which is the species on Andros Island referred to as “Obeah Bush” and/or
“Granny Bush” (McCormack et al. 2011). Stemodia maritima and Turnera umifolia, which is
more commonly referred to as “Buttercup”, are both commonly used on Andros Island,
frequently on a daily basis in a general “tonic” that is enjoyed at any time of day ((Higgs 1974,
Hanna-Smith M 2006). Buttercup and Obeah Bush can often be found planted in yards around
the island, making them easily accessible and regularly available. Obeah Bush and Buttercup are
both used to treat a variety of ailments to include colds and intestinal issues such as stomach
pains, diarrhea, constipation and intestinal worms (Higgs 1974, Hanna-Smith M 2006). With the
numerous references to Turnera umifolia and Stemodia maritima being used to treat intestinal
issues, it would be expected that these species would have inhibited growth of two different
bacteria’s that usually affect the digestive system. Stemodia maritima has been previously
studied and continues to be of interest for various phytochemicals isolated to include diterpenes
such as stemodin which possesses anticancer and antiviral characteristics (McCormack et al.
2011, da Silva et. al 2014). Additionally, diterpenoid glycosides, stemodinosides A and
stemodinosides B have also been isolated from Stemodia maritima; stemodinsides A has been
shown to inhibit Mycobacterium smegmatis and Staphylococcus aureus (Morton 1981). Turnera
umifolia, which is also referred to as “Cup and Saucer” on other islands of the Bahamas and is
commonly used to treat menstrual pains, intestinal conditions such as diarrhea and constipation
and hemorrhoids (McCormack et al. 2011, Hanna-Smith M 2006, Higgs 1974). The mean O.D.
values for Cordia bahamensis, and Stachytarpheta fruiticosa and were lower than the mean O.D.
E. coli values for their respective control positives, but complete inhibition of growth did not
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occur. Not very commonly referenced on Andros, “Cocobey” or “Pinky Winky”, the more
common names of Cordia bahamensis, have several uses in the Bahamas to include aiding in
child birth, diabetes, fertility and other applications but also with treating diarrhea and intestinal
worms (Hanna-Smith M 2006). On Andros, Stachytarpheta fruticosa, (synonyms include
Valerianoides fruiticosa) also known as “Blue Rat Tail” is more commonly thought of or
referred to as a weed that grows on the side of the road and not necessarily a medicinal used in
“bush teas”. Blue Rat Tail however is used quite frequently throughout the Bahamas and the
Caribbean to treat an assortment of illnesses to include colds, diabetes, topical applications for
blisters as well as for digestive issues such as diarrhea (Higgs 1974, Hanna-Smith M 2006). The
leaves of S. fruiticosa contain caffeic acid, tannins, flavonoids and other phytochemicals that are
of beneficial use for other ailments (Wilmanowicz 2010). Caffeic acid stimulates the intestines,
is an analgesic and is an anti-inflammatory phenylpropanoid and tannins have an astringent
property on skin and intestinal membranes (Wilmanowicz 2010). Other phytochemicals have
been found in S. fruiticosa and additional screenings may be beneficial to understand the extent
of the benefits of this species. One study has already shown that a similar species in this genus,
Stachytarpheta cayennensis, has anti-inflammatory and gastroprotective qualities (Penidoa et al
2004). Results for Stemodia maritima, Turnera umifolia, Stachytarpheta fruiticosa and Cordia
bahamanesis at the 1:4 concentrations in an antibacterial assay reveal that they do in fact
partially inhibit the growth for both E. coli and Salmonella.
Two other species of plants exhibited O.D. values for Group A that were significantly
lower in comparison to the other groups in their trials against E. coli. The plant species,
Phyllanthus niruri and Ambrosia hispida are two species of plants commonly used in Bush to
treat diarrhea in the Caribbean. Phyllanthus niruri, also know has “Gale of Wind” or “Hurricane

60
Weed”, that is a synonym to Phyllanthus amaru (McCormack et al. 2011). Some of the
phytochemicals found in Phyllanthus niruri include triterpenes, lignanes, tannins and alkaloids
such as Securinol A and B (Wilmanowicz 2010). The leaves also contain the flavonoid quercetin
that is used to treat a variety of conditions that affect the heart and blood vessels, diabetes,
inflammation, viral infections, helps with allergies and preventing cancer (Higgs 1974,
Wilmanowicz 2010). This species also contains substances that may be of use as an antidote for
certain toxins and act against viruses, fungi and bacteria such as E. coli (Wilmanowicz 2010).
Gale of Wind is commonly used in the Bahamas to treat fevers, colds, gas, diarrhea, and to help
with a lack of appetite (Hanna-Smith M 2006). Ambrosia hispida also known as “Sweet Bay”,
“Bay Geranium” (Bayjareena/Baygerina) or “Soap Bush” is commonly used in the Bahamas to
treat an array of conditions to include the following, but not limited to: colds, coughs, arthritis,
diarrhea, upset stomach, a lack of appetite, intestinal worms, menstrual pain, blisters, to induce
vomiting, etc. (Higgs 1974, Hanna-Smith M 2006, McCormack et al. 2011, Wilmanowicz 2010,
Randolph 1996). Ambrosia hispida has antihistamine and diaphoretic properties, and various
phytochemicals such as damsinic acid, ambrosin, stigmaesterol and hispidulin (Higgs 1974,
McCormack et al. 2011, Wilmanowicz 2010).
Both E. coli and Salmonella treatments for Stachytarpheta fruiticosa had statistically
significant lower mean OD values for Groups A and Groups H as compared to the other Groups
(B-G). This result was unexpected and believe that it may have been due to growing conditions
and not necessarily in part to the plant extract at that concentration in regard to Group H. Group
A O.D. values, at the highest concentration (1:4) was expected to partially or completely inhibit
the growth of bacteria. Whereas the Group H O.D. values at the 1:512 concentrations were not
expected at all for both E. coli and Salmonella, but the concentrations from Group B through
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Group H may have possibly encouraged the growth of the bacteria instead of inhibiting the
growth of the bacteria. Evaporation may have also played a part if in fact this was an anomaly.
The placement of the 96-well culture plates for this species was always positioned on the same
top rack, in the same orientation giving very similar results for all trials. Group H for all trials
was in the furthermost right column of each plate and the exterior wall of the 96-well plate for
this species was always positioned on the top right of the shelf, right next to the incubator wall.
Repeating these trials and accounting for evaporation would be one way to verify that these
lowered O.D. values for the 1:512 concentrations for Stachytarpheta fruiticosa was just
coincidence and does not in fact inhibit the bacterial growth of E. coli and Salmonella at this
lowered concentration.
Phyllanthus niruri when screened for antibacterial activity against Salmonella but
resulted in OD values that were not statistically significant. Inhibition of the growth or partial
growth of Salmonella did not occur with Phyllanthus niruri, even though there are several
references of being used to treat gas and diarrhea but did not exhibit any significant inhibition
toward Salmonella either (Hanna-Smith M 2006).

Use of Bush Medicine for Constipation
As previously mentioned, Turnera umifolia, Stachytarpheta fruiticosa, all have cited uses
for diarrhea but also for constipation. Caesalpinia bonduc is another species that exhibited O.D.
values for Group A that were significantly lower in comparison to the other Groups in trials
against E. coli. Caesalpinia bonduc has no recorded use or reference of its use in any part of the
Bahamas Archipelago, but is mentioned for use in other areas of the Caribbean. References to
Caesalpinia bonduc, commonly referred to as “Huckleback” or “Gray Knickers”, in the realm of
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Bush Medicine is cited for use in West Africa, Jamaica, and in Puerto Rico. Screening this
species was mainly due to my own curiosity, characteristics of the species (spines, woody stems,
and fruit), and where this species was collected from on Andros. This particular tree is not seen
very often on the island or it just is not of particular relevance to the locals. This particular
specimen came from the old lumber yard that was located on the island from the 1950’s until the
1970’s that had since been abandoned. It was growing in between the remnants of some old
buildings in damp soil and the area beneath is was littered with white “plastic rocks” that turned
out to be the seed pods of this particular species. Also, plants that evolve some form of
defensive mechanism must possess something of value that the species is trying to prevent
predators from obtaining, spurring curiosity even more. Caesalpinia bonduc is used in Africa
and Puerto Rico to treat worms and is used for kidney “trouble”, diabetes and high blood
pressure in Jamaica (Randolph 1996).

Use of Bush Medicine for Digestive Ailments
Most of the species selected for these screenings had references for use with digestive
problems or for symptoms associated with the stomach and not just necessarily for use specific
to treating Escherichia coli and Salmonella enterica.
Treatments for E. coli and Salmonella in Groups A and Groups H for Cassytha filiformis
and Diospyros crassinervis had OD values that were significantly lower in comparison to the
other groups. The lower OD values for the 1:512 concentrations were not expected and may be a
result of the growing conditions in the incubator. Increased evaporation of the perimeter of the
96-well plates for those located on the top shelf, oriented towards the walls of the incubator may
have significantly impacted the results for these trails. An additional screening for Cassytha
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filiformis and Diospyrus crassinervis against Salmonella would have to repeated to confirm this
conclusion to rule out the possibility of this lower concentration inhibiting the growth of
Salmonella. Traditionally, Cassythia filiformis and Diospyrus crassinervis are two species that
are very commonly used in bush medicine on Andros Island. Cassythia filiromis, often mistaken
for Cuscuta Americana, is commonly known as “Love Vine” or “Dodder Bush” and is the main
ingredient in Love Tea (McCormack et al. 2011, McClure SA 1981). Love vine is generally
used for anemia, pain in general, as an aphrodisiac, sores and cuts and indigestion (McCormack
et al. 2011, Hanna-Smith M 2006, Randolph 1996, Wilmanowicz 2010). Crushed love vine is
often times tied around the waist to help with back pains or aches or made into a tea for a tonic
or to treat indigestion (McCormack et al. 2011, Hanna-Smith M 2006, Wilmanowicz 2010).
Cassythia filiformis is a parasitic vine that does not contain chlorophyll but lives from the host
and may adapt some of the substances and venoms of the host; collecting this species from a
poisonous host is highly discouraged (Wilmanowicz 2010). Some of the phytochemicals found
in love vine include alkaloids such as glaucine, actinodaphnine, cassythine and other aporphine
alkaloids that may hold some potential for the treatment of some diseases or conditions involving
dopamine (Wilmanowicz 2010, McCormack et al. 2011). Diospyros crassinervis, also known as
“Featherbed” or “Stiff Cock” is commonly used as an aphrodisiac, to help with fertility and to
induce vomiting. No references or indications for use aside from inducing vomiting, to treat any
other stomach ailments (Hanna-Smith M 2006, McCormack et al. 2011, Wilmanowicz 2010).
The extracts of this specific species have not yet been identified, but species in this genus contain
flavonoids, vitamins, naphthoquinones, saponins, tannins, and sterols (McCormack et al. 2011,
Wilmanowicz 2010). Both Cassythia filiformis and Diospyros crassinervis, have no references
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aside from helping to treat digestion or to induce vomiting, to curing or providing relief for
digestive problems that may be associated to some bacteria affecting the digestive system.

Use of Bush Medicine for Non-Digestive Ailments
A few of the species that were screened for antibacterial activity in this study had OD
values that were not statistically significant. Bryophyllum pinnatum, Cassytha filiformis,
Diospyros crassinervis, and Caesalpinia bonduc all had negligible activity against either E. coli
or Salmonella, or both.
Bryophyllum pinnatum, also known as Kalanchoë pinnata, and commonly referred to as
“Life Leaf” or “Life Plant” (Correll & Correll 1986, McCormack et al. 2011) did not exhibit any
significant antibacterial activity which would be expected since there are no references for its use
towards stomach problems. Bryophyllum pinnatum however is commonly used in bush medicine
to treat asthma, colds, kidney conditions and treating pain (Hanna-Smith M 2006, McCormack et
al. 2011, Higgs 1974).
Inhibition of the growth or partial growth of Salmonella did not occur with Phyllanthus
niruri or Caesalpinia bonduc. Phyllanthus niruri however does have references of being used to
treat gas and diarrhea but did not exhibit any significant inhibition toward Salmonella either
(Hanna-Smith M 2006).
In regard to Escherichia coli, Cassytha filiformis and Diospyros crassinervis had
negligible activity, but had significant activity towards Salmonella. This may be a result of
compounds found in each species and the delivery method or how they react to each type of
bacteria.
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Optical Density Values Greater than Bacterial Controls
All of the trials exhibited higher OD values for Groups B through Groups G compared to
those OD values of their respective controls (E. coli and Salmonella). These results were
unexpected and might be the result of either the bush medicine species providing a probiotic
affect instead of an antibiotic affect at a lower concentration or might have resulted with higher
OD values due to turbidity from the cells clumping at the bottom of the wells. At low doses the
plant extracts might have enriched the growth of any resistant bacteria if the threshold of the
MIC (Minimum Inhibitory Concentrate) had been superseded (Liu et al. 2011, Gullberg et al.
2011). More than likely though, OD values were higher than expected due to precipitation from
the plant extracts resulting in a greater turbidity from the cells clumping at the bottom of those
wells in the microtiter plate (Eloff 2019). Future studies should take the occurrence of
precipitation into account and possibly mitigate skewed results by incubating plates on a shaker
or possibly stirring contents of each well individually prior to taking OD values after incubation.

Limitations for this Study
Standardizing conditions and environments for incubation and preparation of plates and
materials used would have reduced the number of variables that might have affected the outcome
of this study. Ideally, utilizing equipment that was not used on a daily/weekly basis by others
would have helped to prevent variance across all trials (i.e. incubators being constantly opened
and closed throughout the day by others, temperature and agitation cycles being adjusted,
equipment being used by others, possible contamination, etc.).
Resources to include any up to date printed references, published previous studies, or any
other resource specific to plant extracts used in bush teas and even locals still living on Andros
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with knowledge of their bush medicine that I could have interviewed for this type of study were
very limited, prior studies such as this may not have been previously attempted or had not been
previously published. This research began in August of 2008, at that time published resources
available locally were very limited or inaccessible due to related costs or memberships and
subscriptions that did not include access to journal articles that were needed for this study.
Printed resources related to bush medicine or species identification of plants endemic to the
Bahamas and the Caribbean had to personally be purchased for this research, to include scouring
bookstores and health stores in the Caribbean and southern Florida. Additionally, several printed
resources that were critical to the proper identification and provided indispensable information
regarding their uses in bush medicine weren’t published until 2010 and after 2013. Research on
“bush medicine” or “plant medicinals” are already very limited, and any previous research that
had been conducted was not as extensive or was more chemistry based. The methods utilized in
this research were compiled from various other studies and pieced together as a basis for this
current study. These resulting methods came about through trial and error and also required the
trials to be run multiple times without any resulting data, depleting almost all available species
samples for use. Continuing research would require additional samples to be collected from
Andros Island, Bahamas.
Sequences (DNA Barcodes) for all species used in these trials were not available to
confirm the identity of the samples collected and subsequently screened. Only two species were
lacking sequences to confirm their identity: Bryophyllum pinnatum and Ambrosia hispida.
Confirming the identity of both Petiveria alliaceae and Ambrosia hispida would aid in providing
validity to the use of these species for Bush Medicine.
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Performing a MIC at higher concentrations, possibly starting with a 1:1 concentration of
plant extract for all species could possibly result with a greater inhibition of E. coli and
Salmonella, especially for those four species that had statistically significant results at the 1:4
concentrations (Stemodia maritima, Turnera umifolia, Stachytarpheta fruiticosa and Caesalpinia
bahamanesis).

Conclusion
The results of this study reveal that the antibacterial potential of the assorted species in an
aqueous extract varies not only with concentration but also with the bacteria used for screening.
This study confirms that in fact some species of plants used in Bush Medicine on Andros Island
reduced the growth of Escherichia coli and/or Salmonella. Isolating the compounds of each
species would be the next step in determining if any of these “Bush Medicinals” would be a
viable option for commercial use in today’s medical industry or might lead to the discovery of
other antimicrobials. Expanding the screening to include antibiotic resistant bacteria or
screening for analgesic or anti-inflammatory uses in vitro and in vivo could be beneficial as well.
Traditionally however, these plants are rarely used individually but rather prepared as teas mixed
with other species; screenings of efficacy for these teas would be an additional study. Also,
verifying the remainder of the species used in this study through DNA barcoding would provide
additional insight into other related species as alternative sources of Bush Medicine.
Additionally other considerations should be taken into consideration in regards to the release of
phytochemicals and/or for continuing or replicating similar screenings to include: incubation
period, temperature while incubating in comparison to traditional “bush tea preparation”, pH
levels (comparable to those in the human digestive system), as well as interactions of the various

68
species in combination with each other as opposed to screening them singularly. To further
extrapolate effects on humans, future studies need to be conducted to provide more conclusive
results.
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Table 1. Forward and reverse sequence primers for rbcL and matK gene coding regions used for
sequencing in this study. References are included for the original publication of each primer.
Name

Direction

Sequence

Reference

rbcLa-F

Forward

ATGTCACCACAAACAGAGACTAAAGC

rbcLa-R

Reverse

GTAAAATCAAGTCCACCRCG

MatK-1RKIM-f
MatK-3FKIM-r

Forward
Reverse

ACCCAGTCCATCTGGAAATCTTGGTTC
CGTACAGTACTTTTGTGTTTACGAG

Levin, 2003
Kress & Erickson,
2007
CCDB 2016
CCDB 2016
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Table 2. Plant species of known bush medicine use collected on North Andros, Bahamas to
screen against Escherichia coli and Salmonella (Correll & Correll 1986, LLNPP 2018,
McCormack et al. 2011).
Family

Genus

Euphorbiaceaea

Phyllanthus

Scientific Name
Phyllanthus niruri

Native Endemic

DNA
Barcode

Yes

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

Yes

No

No

Yes

No

Yes

Yes

No

Yes

Common name: Gale of Wind, Hurricane Weed
Synonym: Phyllanthus amarus

Laureacea

Cassytha

Cassytha filiformis
Common name: Love Vine, Devil's Gut

Phytolacaceae

Petiveria

Stemodia maritima
Common name: Obeah Bush, Guinea Henweed, Coast Stemodia

Verbenaceae

Stachytarpheta Stachytarpheta fruticosa
Common name: Blue Rat Tail, Blueflower
Synonym: Valerianoides jamaicensis, S. jamaicensis

Turnereacea

Turnera

Turnera umifolia
Common name: Buttercup, Yellow Alder

Boraginaceae

Cordia

Cordia bahamensis
Common name: Cocobey, Pinky Winky
Synonym: Varronia bahamensis

Crassulaceae

Kalanchoe

Bryophyllum pinnatum
Common name: Life leaf, Life Plant
Synonym: Kalanchoe pinnata

Asteraceae

Ambrosia

Ambrosia hispida
Common name: Bay Jarina, Bay Geranium, Sweet Bay

Ebenaceae

Diospyros

Diospyros crassinervis
Common name: Stiff Cock

Fabaceae

Caesalpinia

Caesalpinia bonduc
Common name: Huckleback, Gray Knickers, Brier
Synonym: Guilandia cristata
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Table 3. Absorbance values for 10 species of Androsian bush medicine, mean optical density
(OD) values of turbidity due to bacterial growth of Escherichia coli and Salmonella at a 600 nm
wavelength at various dilutions (1:4-1:512) to determine the minimal inhibitory concentration
(MIC).
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Table 3. (Cont.)
Species (cont.)
T. umifolia
Group
Group
Group
Group
Group
Group
Group
Group
Group

A (1:4)
B (1:8)
C (1:16)
D (1:32)
E (1:64)
F (1:128)
G (1:256)
H (1:512)
I (Control Positive)

E. coli
a
0.22 ± 0.05
0.37 ± 0.17
0.46 ± 0.08
0.50 ± 0.08
0.48 ± 0.11
0.46 ± 0.05
0.43 ± 0.04
0.35 ± 0.08
0.15 ± 0.07

Salmonella
a
0.23 ± 0.05
0.42 ± 0.16
0.51 ± 0.04
0.50 ± 0.03
0.55 ± 0.04
0.51 ± 0.03
0.50 ± 0.04
0.40 ± 0.04
0.21 ± 0.08

Group
Group
Group
Group
Group
Group
Group
Group
Group

A (1:4)
B (1:8)
C (1:16)
D (1:32)
E (1:64)
F (1:128)
G (1:256)
H (1:512)
I (Control Positive)

0.11 a ± 0.02
0.48 ± 0.13
0.50 ± 0.08
0.49 a ± 0.09
0.47 ± 0.07
0.44 ± 0.09
0.42 ± 0.08
0.31 a ± 0.13
0.16 ± 0.10

0.26 a ± 0.06
0.45 ± 0.03
0.54 ± 0.06
0.50 ± 0.05
0.50 ± 0.05
0.52 ± 0.08
0.49 ± 0.05
0.38 a ± 0.03
0.18 ± 0.03

Group
Group
Group
Group
Group
Group
Group
Group
Group

A (1:4)
B (1:8)
C (1:16)
D (1:32)
E (1:64)
F (1:128)
G (1:256)
H (1:512)
I (Control Positive)

0.21 a ± 0.15
0.59 ± 0.04
0.63 ± 0.10
0.61 ± 0.07
0.64 ± 0.09
0.57 ± 0.05
0.58 ± 0.11
0.35 a ± 0.16
0.17 ± 0.08

Group
Group
Group
Group
Group
Group
Group
Group
Group

A (1:4)
B (1:8)
C (1:16)
D (1:32)
E (1:64)
F (1:128)
G (1:256)
H (1:512)
I (Control Positive)

0.11 ± 0.02
0.54 ± 0.07
0.57 ± 0.08
0.55 ± 0.07
0.54 ± 0.05
0.50 ± 0.01
0.48 ± 0.04
a
0.39 ± 0.07
0.12± 0.02

Group
Group
Group
Group
Group
Group
Group
Group
Group

A (1:4)
B (1:8)
C (1:16)
D (1:32)
E (1:64)
F (1:128)
G (1:256)
H (1:512)
I (Control Positive)

0.16
0.56
0.55
0.52
0.54
0.55
0.51
0.40
0.17

S. fruiticosa

C. bonduc

A. hispida

a

C. bahamensis

a

± 0.09
± 0.18
± 0.11
± 0.09
± 0.07
± 0.08
± 0.11
± 0.11
± 0.07

0.28
0.39
0.44
0.43
0.44
0.47
0.44
0.40
0.27

± 0.11
± 0.14
± 0.13
± 0.07
± 0.10
± 0.04
± 0.05
± 0.05
± 0.13

0.20
0.46
0.55
0.53
0.53
0.49
0.49
0.41
0.22

a

0.21
0.41
0.46
0.42
0.49
0.41
0.42
0.36
0.17

a

± 0.10
± 0.14
± 0.12
± 0.12
± 0.11
± 0.14
± 0.11
± 0.06
± 0.08
± 0.08
± 0.02
± 0.03
± 0.03
± 0.07
± 0.07
± 0.03
± 0.04
± 0.04
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Other

X

Aphrodisiac

X

General Pain

Diabetes

X

Anemia

Colds

X

Lack of Appetite

Gas

X

Induce Vomiting

Intestinal Worms

X

Stomach Pains

Phyllanthus niruri

Constipation

Species

Diarrhea

Table 4. Use of collected plant species in traditional bush medicine across the Bahamas and the
Caribbean (Wilmanowicz 2010, McCormack et al. 2011, LLNPP 2018).

Fever, abortions

X

Sores/cuts, virility
Cassytha filiformis

X

X

X in men, OB/GYN
concerns

Stemodia maritima

X

Stachytarpheta fruticosa

X

Turnera umifolia

X

Cordia bahamensis

X

X

X

X

X

X

X

X

Diospyros crassinervis

Caesalpinia bonduc

X

OB/GYN concerns,
heart palpitations

X

X

X

X

X

X

X

X

X

Fertility, child birth,
internal bleeding
Asthma,
tuberculosis, kidney
infections
Blisters, coughs,
general skin
irritation

X Fertility

X

X

High BP,
respiratory issues,
blisters/boils

X

Bryophyllum pinnatum

Ambrosia hispida

Ring worm, sores
and wounds

X

X

High BP, kindey
issues
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Table 5. Consolidated results of the minimal inhibitory concentration (MIC) screening against
Escherichia coli and Salmonella and their respective concentrations that show antibacterial
promise, of ten native Androsian bush medicine species.

Species
Phyllanthus niruri
Cassytha filiformis
Stemodia maritima
Stachytarpheta fruticosa
Turnera umifolia
Cordia bahamensis
Bryophyllum pinnatum
Ambrosia hispida
Diospyros crassinervis
Caesalpinia bonduc

E. Coli
X
X
X
X
X
X

Concentration Salmonella Concentration
1:4
X
1:4
1:4
X
1:4
1:4
X
1:4
1:4
X
1:4
1:4
X
1:4/1:512
1:4/1:512
X

X

1:4/1:512

1:4
1:4/1:512
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Figure 1. Map of collection sites on North Andros, Andros Island, Bahamas. Points indicate
specific sites of collection (Andros Island Map ArcGIS).
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Figure 2. Percentage of genera per family of the 92 samples collected on North Andros Island,
Bahamas.
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Figure 3. Percentage of total (92) specimens collected on North Andros Island, Bahamas by type.
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Figure 4. Percentage of taxa type of the 92 samples collected on North Andros Island, Bahamas.
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Figure 5. Sequence recovery for matK and rbcL gene coding regions from 92 species
representing 42 genera and 22 families collected from North Andros Island, Bahamas.
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Figure 6. Sequence recovery for matK and rbcL gene coding regions by genera of the 92 samples
collected from North Andros Island, Bahamas.
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Figure 7. Commonly utilized Androsian/Carribean Bush Medicine species collected from North
Andros Island, Bahamas with incomplete sequence recovery, (a) Bourreria succulenta: shrub or
small tree up to 10 m tall, bark reddish brown; leaves alternate oblanceolate to oval 4-12 cm
long; calyx campanulate and corolla white, salverform, about 1 cm long and drupes orange-red,
10-15 mm in diameter inclosing 4 bony nutlets (b) Tetrazygia bicolor: shrub or small tree to
about 6 m tall; strongly 3-ribbed leaves opposite lanceolate to oblong 8-20 cm long; flowers
conist of 4 petals, white; 7-8 mm long, purple or black berry 8-10mm in diameter and (c)
Terminalia catappa: tree to about 24 m tall, whorled branches; leaves alternate, 1-3 dm long,
rounded or short-pointed at the apex; spikes slender, many flowered; drupe ellipsoid, 4-6 cm
long with 1-2 kernels edible raw or roasted (LLNPP 2019, Correll & Correll 1982).
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(a)

(c)

(b)

Figure 8. Endemic species collected from North Andros Island, endemic to the Bahamas: (a)
Cordia bahamensis: leaves alternate, blades linear/oblong to elliptic/obvate 2-10 cm long,
yellow-green; drupe ovoid, obtuse, red to black, 3-4 mm long; shrub to about 2.5 m tall (b)
Vernonia bahamensis: branched perennial shrub to about 1.5 m tall; leaves alternate, blades oval
1-2 cm long, glabrate on upper surface; campanulate involucre, 4-6 mm high, flowers purple or
lavendar and (c) Grimmeodendron eglandulosum: glabrous tree/shrub up to 8 m tall, milky sap;
blades oblong/elliptic to 8 cm long, minute flowers in terminal spikes; seeds ovoid 4-5 mm long,
gray to cinnamon brown with darker brown striations (LLNPP 2019, Correll & Correll 1982).
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(a)

(b)

(c)

Figure 9. Cordia bahamensis: leaves alternate, blades linear/oblong to elliptic/obvate 2-10 cm
long, yellow-green; drupe ovoid, obtuse, red to black, 3-4 mm long; shrub to about 2.5 m tall;
commonly referred to as “Granny Bush” on Andros Island compared to San Salvador’s “Granny
Bush”, Croton linearis. (a) Cordia bahamensis, (b) Croton linearis: aromatic shrub 1-2 m tall
with yellowish stellate twigs; leaves alternate, narrowly linear, 3.5-7 cm long and (c) Croton
linearis; raceme inflorescence, white-yellowish, 5 mm long; seeds dark green/brown, 3 mm long
(LLNPP 2019, Correll & Correll 1982).
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(a)

(b)

Figure 10. Side by side comparison of (a) Tabebuia bahamensis: shrub or small tree to about 10
m tall; leaves opposite, blades 3- or 5- folioate, 10 cm or less long, leaflets oblong to elliptic 2-7
cm long, entire or rounded at apex; flowers pink to whitish 4-6 cm long; fruit cylindrical 8-12 cm
long, 7 mm thick and (b) Tabebuia rosea: tall, fast growing forest tree up to 30 m high;
compound leaves opposite, 3-5 ovate leaves; pink trumpet shaped flowers; fruit 15-20 cm long
and 12 mm thick (DBT 2019, Correll & Correll 1982).
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(a)

(c)

(b)

(d)

Figure 11. (a) Collected Lantana bahamensis specimen: shrub to about 1 m tall; branches striate,
slender, frequently bearing small prckles less than 0.5 mm long; leaves opposite, blades oblonglanceolate to 5 cm long, short-pubescent on both sides, crenate (b) Lantana bahamensis
inflorescence from above: flowers 8 to 15 per head, corolla yellow changing to orange; fruit
black, globose about 3 mm in diameter (c) Lantana camara: shrub to about 2 m tall; leaves
opposite, blades broadly ovate-oblong, to 5 cm long, obtuse or rounded at apex (d) Lantana
camara inflorescence: densely flowered head, usually white, pink, lilac or purple with a yellow
eye; drupes 2-4 mm long, blue or purple from above (LLNPP 2019, Stoli 2009, Correll & Correll
1982).
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(a)

http://www.levypreserve.org/_images/294/phyllanthus-amarus-branches-with-leaves-and-fruits-1.jpg

(b)

(c)

Figure 12. Phyllanthus niruri. (a) flowering and fruiting branches, annual glabrous herb 10-50
cm tall, main stem with spirally arranged deciduous branchlets 4-12 cm long with 15-30 leaves;
(b) branchlet with leaves and inflorescence showing staminate flowers; (c) branchlet with leaves,
leaves alternate, mostly 5-11mm long and 3-6mm wide; blades elliptic-oblong (Stoli 2009,
Correll & Correll 1982, LLNPP 2018).
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(b)

(a)

(c)

Figure 13. Cassytha filiformis. (a). Parasitic slender glabrous vine with pale-green or yellowish
entwined wiry stems and branches, leaves reduced to spirally arranged scales; (b). fruiting vine
attached to host plant by haustoria; (c) parasitizing vine on a plant (Stoli 2009, Correll & Correll
1982).
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(b)

(a)

(c)

Figure 14. Stemodia maritima. (a). Short lived annual or perennial, pubescent much-branched to
80 cm tall or less flowering twig; (b) leafy branch, leaves opposite, sessile, blades oblong to
lanceolate, 1-2.5 cm long, serrate; (c) flowering twig, flower nearly sessile in the axil, solitary,
shorter than the leaves, sepals 5, 2-3mm long; corolla purplish to blue (Stoli 2009, Correll &
Correll 1982).
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(b)

(a)

(d)

(c)

Figure 15. Stachytarpheta fruiticosa. (a) flowering branch, spikes 5-15 cm long, 3-4 mm thick;
(b) leaves opposite, blades lanceolate to oblong, 4-8 cm long, to about 3 cm wide, narrowed at
base, serrate; (c) glabrous shrub to about 2.5 m tall, branches slender, twigs 4-sided; (d) Corolla
purple, salverform, tube to 1 cm long, about 1 cm wide (Stoli 2009, Correll & Correll 1982).
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(b)

(a)
(c)

Figure 16. Turnera ulmifolia. (a) aromatic shrubby herb or shrub up to 1 m tall, slightly
pubescent, leaves alternate, blades mostly lanceolate to oblong-lanceolate acute at the tip and
deeply and doubly dentate, mostly 4-13 cm long and 2-5 cm wide; (b) flower from above, petals
obovate 2-3.5 cm long, 1-3 cm wide, light or dark yellow, sometimes with a brown spot at the
base; (c) flowering branchlet (Stoli 2009, Correll & Correll 1982).
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(a)

(b)

(c)
Figure 17. Cordia bahamensis. (a) leaves various, alternate, blades linear or linear-oblong to
elliptic or obvate-elliptic, 2-10 cm long, to about 5 cm wide, yellow-green to green, setulosescabrous above; (b) fruiting branchlet, drupe ovoid, obtuse, red to black, 3-4 mm long; (c) much
branched shrub to about 2.5 m tall (Stoli 2009, Correll & Correll 1982).
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(a)

(c)

(b)

(d)

http://www.levypreserve.org/_images/595/kalanchoe_pinnata_inﬂorescence_1.jpg

Figure 18. Bryophyllum pinnatum. (a) leaves at first simple, blades elliptic to 18 cm long and 12
cm wide; (b) glabrous, more or less erect, succulent, herbaceous perennial to 2 m tall, stems
hollow; (c) leaves in mature plants pinnately compound with 3 or 5 leaflets, all leaves produce
plantlets in crenations of margins; (d) upper part of flowering plant, flowers nodding or
pendulous, in a panicle, 2.5-4.5 cm long, dull brownish-red (Stoli 2009, Correll & Correll 1982).
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(a)

(b)

Figure 19. Ambrosia hispida (a) branchlet of clump-forming hirsute or hispid perennial,
branched at base with long trailing leafy stems to about 80 cm long; (b) leaves opposite, shortpetiolate, blades firm, ovate, to about 7 cm long, 2-3 pinnately divided that often gives the leaf a
lacy appearance (Stoli 2009, Correll & Correll 1982, LLNPP 2018)
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(b)

(a)
Figure 20. Diospyros crassinervis. (a) branchlet of dioecious shrub or small tree to 7 m tall,
slender branches gray and rigid, young twigs pubescent, leaves alternate; (b) blades obovate to
elliptic, coriaceous, 3-7 cm long, rounded to subtruncate at apex and obtuse or narrowed at base,
glabrous and shining dark-green above (Stoli 2009, Correll & Correll 1982).
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(a)

(b)
(c)

Figure 21. Caesalpinia bonduc. (a) flowering and fruiting branchlet, robust scrambling frutescent
or herbaceous vine, pubescent and armed, stems to 6 m long and 1 cm thick, abundantly armed
with straight prickles to rarely unarmed; (b) leaves alternate, evenly bipinnate, pinnae in 4 or 5
pairs, 4-12 cm long, usually with recurved prickles, leaflets in 4 to 8 pairs, ovate to elliptic,
symmetric; (c) legume tardily dehiscent, suborbicular to oval, compressed, 3-9 cm in greatest
circumference, densely prickly, seeds 1 to 3, gray, 1.5-2 cm in diameter (Stoli 2009, Correll &
Correll 1982).
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Figure 22. Example of the 96 well plate broth microdilution MIC method for one species in an
aqueous extract against a bacterial isolate. Columns 1-3 are MIC test columns, columns 5-7 are
negative controls, also included are control wells in triplicate of the TSB, plant extract, bacterial
isolate and bacterial isolate suspended in TSB.
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Figure 23. Agar plates from one 96 well plate MIC screening for one plant species against one
bacterial isolate, one μL of each well plated onto agar.
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Figure 24. Effect of Stemodia maritima extracts in serial dilutions of TSB broth incubated at
optimum temperatures in (a) Escherichia coli (F7,16 =3.238, p < 0.05) and (b) Salmonella (F7,16
=3.625, p < 0.05) treatments and their respective controls via absorbance spectrophotometer.
Absorbance/optical density (OD) at 600 nm, measuring amount of light scattered by the bacterial
suspension. Asterisk indicates significant differences between means for a given concentration (p
< .05). Error bars indicate standard deviation.
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Figure 25. Effect of Turnera umifolia in serial dilutions of TSB broth incubated at optimum
temperatures in (a) Escherichia coli (F7,16 =2.964, p < 0.05) and (b) Salmonella (F7,16 =6.799,
p < 0.05) treatments and their respective controls. Measure of bacterial concentration in
suspension at an optical density (OD) of 600 nm via absorbance spectrophotometer, measured
OD values indicate amount of light scattered by the bacterial suspension. Asterisk indicates
significant differences between means for a given concentration (p < .05). Error bars indicate
standard deviation.
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Figure 26. Extracts of Ambrosia hispida in serial dilutions of TSB broth incubated at optimum
temperatures and its effect on (a) Escherichia coli (F7,16 =21.386, p < 0.05) and (b) Salmonella
(F7,16 =2.905, p < 0.05) treatments and their respective controls via absorbance
spectrophotometer. Absorbance/optical density (OD) at 600 nm, measuring amount of light
scattered by the bacterial suspension. Asterisk indicates significant differences between means
for a given concentration (p < .05). Error bars indicate standard deviation.
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Figure 27. Effect of Cordia bahamensis in serial dilutions of TSB broth incubated at optimum
temperatures in (a) Escherichia coli (F7,16 =4.354, p < 0.05) and (b) Salmonella (F7,16 =8.880,
p < 0.05) treatments and their respective controls. Measure of bacterial growth in suspension at
an optical density (OD) of 600 nm via absorbance spectrophotometer, measured OD values
indicate amount of light scattered by the bacterial suspension. Asterisk indicates significant
differences between means for a given concentration (p < .05). Error bars indicate standard
deviation.

113

0.7

0.6
0.5
0.4
0.3
0.2

*

0.1

Optical Desity 600 nm

(b) 0.8

0.7

Optical Desity 600 nm

(a) 0.8

0.6
0.5
0.4

*

0.3
0.2
0.1

0
1:512 1:256 1:128

1:64

1:32

1:16

1:8

1:4 Control

Stachytarpheta fruiticosa Concentration

0
1:512 1:256 1:128

1:64

1:32

1:16

1:8

1:4 Control

Stachytarpheta fruiticosa Concentration

Figure 28. Stachytarpheta fruiticosa extracts in serial dilutions of TSB broth incubated at
optimum temperatures in (a) Escherichia coli (F7,16 =5.972, p < 0.05) and (b) Salmonella
(F7,16 =9.374, p < 0.05) treatments and their respective controls at optical density (OD) of 600 nm
via absorbance spectrophotometer. Absorbance/OD measures amount of light scattered by the
bacterial suspension, indicating concentration of bacteria. Asterisk indicate significant
differences between means for a given concentration (p < .05). Error bars indicate standard
deviation.
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Figure 29. Extracts of Phyllanthus niruri in serial dilutions in (a) Escherichia coli (F7,16 =2.757,
p < 0.05) and (b) Salmonella (F7,16 = 0.645, p > 0.05) treatments and their respective controls in
TSB broth incubated at optimum temperatures at optical density (OD) of 600 nm via absorbance
spectrophotometer. Absorbance/OD measures amount of light scattered by the bacterial
suspension, indicating concentration of bacteria. Asterisk indicates significant differences
between means for a given concentration (p < .05). Error bars indicate standard deviation.
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Figure 30. Effect of Caesalpinia bonduc extracts in serial dilutions in (a) Escherichia coli
(F7,16 =6.888, p < 0.05) and (b) Salmonella (F7,16 =1.119, p < 0.05) treatments and their respective
controls in TSB broth incubated at optimum temperatures at optical density (OD) of 600 nm.
Measure of bacterial growth in suspension via absorbance spectrophotometer, measured OD
values indicate amount of light scattered by the bacterial suspension Asterisk indicate significant
differences between means for a given concentration (p < .05). Error bars indicate standard
deviation.
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Figure 31. Effect of Cassythia filiformis extracts in serial dilutions of TSB broth incubated at
optimum temperatures in (a) Escherichia coli (F7,16 =2.757, p > 0.05) and (b) Salmonella (F7,16
=6.820, p < 0.05) treatments and their respective controls. Measure of bacterial growth in
suspension at an optical density (OD) of 600 nm via absorbance spectrophotometer, measured
OD values indicate amount of light scattered by the bacterial suspension. Error bars indicate
standard deviation.
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Figure 32. Diospyros crassinervis extracts in serial dilutions of TSB broth incubated at optimum
temperatures in (a) Escherichia coli (F7,16 =1.070, p > 0.05) and (b) Salmonella (F7,16 =9.610, p <
0.05) treatments and their respective controls at optical density (OD) of 600 nm via absorbance
spectrophotometer. Absorbance/OD measures amount of light scattered by the bacterial suspension,
indicating concentration of bacteria. Asterisk indicate significant differences between means for a
given concentration (p < .05). Error bars indicate standard deviation.
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Figure 33. Effect of Bryophyllum pinnatum in serial dilutions of TSB broth incubated at
optimum temperatures in (a) Escherichia coli (F7,16 =1.596, p > 0.05) and (b) Salmonella (F7,16
=2.095, p > 0.05) treatments and their respective controls. Measure of bacterial growth in
suspension at an optical density (OD) of 600 nm via absorbance spectrophotometer, measured
OD values indicate amount of light scattered by the bacterial suspension. No significant
differences between means for a given concentration. Error bars indicate standard deviation.

Family

Fabaceae
Fabaceae
Asteraceae
Asteraceae
Orchidaceae
Orchidaceae
Boraginaceae
Boraginaceae
Scrophulariaceae
Scrophulariaceae
Combretaceae
Combretaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Lauraceae
Lauraceae
Chrysobalanceae
Chrysobalanceae
Polygonaceae
Polygonaceae
Combretaceae
Combretaceae
Boraginaceae
Boraginaceae
Asteraceae
Asteraceae
Fabaceae
Fabaceae
Ebenaceae
Ebenaceae
Verbenaceae

Species

Ateleia cubensis
Ateleia cubensis
Bidens alba var. radiata
Bidens alba var. radiata
Bletia purpurea
Bletia purpurea
Bourreria succulenta
Bourreria succulenta
Buchnera floridana
Buchnera floridana
Bucida spinosa
Bucida spinosa
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia vesicaria
Caesalpinia vesicaria
Cajanus cajan
Cajanus cajan
Cassia diffusa
Cassia diffusa
Cassytha filiformis
Cassytha filiformis
Chrysobalanus icaco
Chrysobalanus icaco
Coccoloba uvifera
Coccoloba uvifera
Conocarpus erectus
Conocarpus erectus
Cordia bahamensis
Cordia bahamensis
Croton cascarilla
Croton cascarilla
Delonix regia
Delonix regia
Diospyros crassinervis
Diospyros crassinervis
Duranta repens

VP-15a
VP-15b
VP-47a
VP-47b
VP-20a
VP-20b
VP-6a
VP-6b
VP-29a
VP-29b
VP-12a
VP-12b
VP-22a
VP-22b
VP-38a
VP-38b
VP-13a
VP-13b
VP-35a
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VP-4a
VP-4b
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VP-27b
VP-23a
VP-23b
VP-24a
VP-24b
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VP-46a
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yes
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yes
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Sample ID rbcL
yes
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n/a
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n/a
n/a
n/a
n/a
n/a
n/a
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n/a
n/a
n/a
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no
no
yes
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yes
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Listed in GenBank
yes
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n/a
yes
yes
n/a
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Listed in BOLD mat K
yes
n/a
n/a
yes
yes
n/a
n/a
n/a
n/a
no
n/a
n/a
n/a
n/a
n/a
n/a
yes
n/a
no
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
no
no
n/a
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yes
n/a
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Table S1. All 94 samples collected from North Andros Island, Bahamas used to establish this
ethnobotanical database, organized alphabetically by species. Additional information for each
sample includes family, sample ID number, rbcL recovery, matK recovery and if the BLAST
sequences were available for each in GenBank and in BOLD.

Species

Duranta repens
Echites umbellatus
Eupatorium capillifolium
Eupatorium capillifolium
Euphorbia cyathophora
Euphorbia cyathophora
Euphorbia hyssopifolia
Euphorbia hyssopifolia
Gossypium hirsutum
Gossypium hirsutum
Grimmeodendron eglandulosum
Grimmeodendron eglandulosum
Hibiscus rosa-sinensis
Hibiscus rosa-sinensis
Lantana bahamensis
Lantana bahamensis
Lantana bahamensis
Lantana involucrata
Lepidium virginicum
Lepidium virginicum
Leucaena leucocephala
Leucaena leucocephala
Malpighia polytricha
Malpighia polytricha
Morella cerifera
Nerium oleander
Nerium oleander
Petiveria alliaceae
Petiveria alliaceae
Phyllanthus niruri
Phyllanthus niruri
Pluchea odorata
Pluchea odorata
Plumeria obtusa
Plumeria obtusa
Savia bahamensis
Savia bahamensis

Family

Verbenaceae
Apocynaceae
Asteraceae
Asteraceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Malvaceae
Malvaceae
Euphorbiaceae
Euphorbiaceae
Malvaceae
Malvaceae
Verbenaceae
Verbenaceae
Verbenaceae
Verbenaceae
Scrophulariaceae
Scrophulariaceae
Fabaceae
Fabaceae
Rubiaceae
Rubiaceae
Sapotaceae
Apocynaceae
Apocynaceae
Scrophulariaceae
Scrophulariaceae
Euphorbiaceae
Euphorbiaceae
Asteraceae
Asteraceae
Apocynaceae
Apocynaceae
Goodeniaceae
Goodeniaceae

VP-8b
VP-1y
VP-36a
VP-36b
VP-42a
VP-42b
VP-44a
VP-44b
VP-33a
VP-33b
VP-43a
VP-43b
VP-34a
VP-34b
VP-5a
VP-5b
VP-9b
VP-9a
VP-40a
VP-40b
VP-25a
VP-25b
VP-28a
VP-28b
VP-10a
VP-32a
VP-32b
VP-14a
VP-14b
VP-2a
VP-2b
VP-16a
VP-16b
VP-30a
VP-30b
VP-3a
VP-3b

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes

Sample ID rbcL
yes
yes
yes
yes
no
no
yes
yes
yes
yes
yes
yes
yes
yes
no
no
n/a
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
yes
yes
n/a
n/a
yes
yes
yes
yes

Listed in GenBank
yes
yes
yes
yes
no
no
yes
yes
yes
yes
yes
yes
yes
yes
no
no
n/a
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
yes
yes
n/a
n/a
yes
yes
yes
yes

no
no
yes
no
no
no
no
no
yes
yes
no
no
yes
no
yes
yes
yes
yes
yes
no
no
no
no
no
no
yes
no
no
yes
no
no
no
no
yes
no
yes
yes

Listed in BOLD mat K
n/a
yes
no
n/a
n/a
n/a
n/a
n/a
yes
yes
n/a
n/a
yes
n/a
no
no
n/a
no
yes
yes
n/a
n/a
n/a
n/a
n/a
yes
n/a
n/a
no
n/a
n/a
n/a
n/a
yes
n/a
no
no

Listed in GenBank
n/a
yes
no
n/a
n/a
n/a
n/a
n/a
yes
yes
n/a
n/a
yes
n/a
no
no
n/a
yes
yes
yes
n/a
n/a
n/a
n/a
n/a
yes
n/a
n/a
no
n/a
n/a
n/a
n/a
yes
n/a
no
no

Listed in BOLD
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Fabaceae
Myricaceae
Solanaceae
Solanaceae
Verbenaceae
Verbenaceae
Malpighiaceae
Malpighiaceae
Bignoniaceae
Bignoniaceae
Combretaceae
Combretaceae
Melastomataceae
Melastomataceae
Turneraceae
Turneraceae
Asteraceae
Asteraceae
Fabaceae
Fabaceae

Family

Securinega acidoton
Sideroxylon obtusifolium
Solanum erianthum
Solanum erianthum
Stachytarpheta jamaicensis
Stachytarpheta jamaicensis
Stigmaphyllon sagraeanum
Stigmaphyllon sagraeanum
Tabebuia bahamensis
Tabebuia bahamensis
Terminalia catappa
Terminalia catappa
Tetrazygia bicolor
Tetrazygia bicolor
Turnera ulmifolia
Turnera ulmifolia
Vernonia bahamensis
Vernonia bahamensis
Zanthoxylum bifoliolatum
Zanthoxylum bifoliolatum

Species
VP-1z
VP-10b
VP-21a
VP-21b
VP-19a
VP-19b
VP-41a
VP-41b
VP-7a
VP-7b
VP-39a
VP-39b
VP-17a
VP-17b
VP-18a
VP-18b
VP-26a
VP-26b
VP-45a
VP-45b

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
no
no
yes
yes
yes
yes
yes
no

Sample ID rbcL
no
n/a
no
no
yes
yes
yes
yes
no
no
n/a
n/a
n/a
n/a
yes
yes
no
no
yes
n/a

Listed in GenBank
no
n/a
yes
yes
yes
yes
yes
yes
no
no
n/a
n/a
n/a
n/a
yes
yes
no
no
yes
n/a

yes
yes
yes
no
yes
yes
no
no
no
no
no
no
no
no
no
no
no
yes
no
no

Listed in BOLD mat K
no
yes
no
n/a
yes
yes
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
no
n/a
n/a

Listed in GenBank
no
yes
yes
n/a
yes
yes
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
no
n/a
n/a

Listed in BOLD
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Family

Asteraceae
Asteraceae
Orchidaceae
Orchidaceae
Boraginaceae
Boraginaceae
Scrophulariaceae
Scrophulariaceae
Combretaceae
Combretaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Lauraceae
Lauraceae
Chrysobalanceae
Chrysobalanceae
Polygonaceae
Polygonaceae
Combretaceae
Combretaceae
Boraginaceae
Boraginaceae
Ebenaceae
Ebenaceae
Verbenaceae
Verbenaceae
Apocynaceae
Asteraceae
Asteraceae

ID

VP-47a
VP-47b
VP-20a
VP-20b
VP-6a
VP-6b
VP-29a
VP-29b
VP-12a
VP-12b
VP-45a
VP-45b
VP-22a
VP-22b
VP-38a
VP-38b
VP-13a
VP-13b
VP-35a
VP-35b
VP-4a
VP-4b
VP-37a
VP-37b
VP-27a
VP-27b
VP-23a
VP-23b
VP-24a
VP-24b
VP-11a
VP-11b
VP-8a
VP-8b
VP-1y
VP-36a
VP-36b

Genus
Bidens
Bidens
Bletia
Bletia
Bourreria
Bourreria
Buchnera
Buchnera
Bucida
Bucida
Caesalpinia
Caesalpinia
Caesalpinia
Caesalpinia
Caesalpinia
Caesalpinia
Cajanus
Cajanus
Cassia
Cassia
Cassytha
Cassytha
Chrysobalanus
Chrysobalanus
Coccoloba
Coccoloba
Conocarpus
Conocarpus
Cordia
Cordia
Diospyros
Diospyros
Duranta
Duranta
Echites
Eupatorium
Eupatorium

Genetic Identification
Bidens alba var. radiata
Bidens alba var. radiata
Bletia purpurea
Bletia purpurea
Bourreria succulenta
Bourreria succulenta
Buchnera floridana
Buchnera floridana
Bucida spinosa
Bucida spinosa
Caesalpinia bonduc (Zanthoxylum bifoliolatum)
Caesalpinia bonduc (Zanthoxylum bifoliolatum)
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia sp.
Cajanus cajan
Cajanus cajan
Cassia sp.
Cassia sp.
Cassytha filiformis
Cassytha filiformis
Chrysobalanus icaco
Chrysobalanus icaco
Coccoloba sp.
Coccoloba uvifera
Conocarpus erectus
Conocarpus erectus
Cordia bahamensis
Cordia bahamensis
Diospyros crassinervis
Diospyros crassinervis
Duranta repens
Duranta repens
Echites umbellatus
Eupatorium sp. (Eupatorium capillifolium)
Eupatorium sp. (Eupatorium capillifolium)

Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Shrub
Shrub
Tree
Tree
Tree
Tree
Shrub
Shrub
Shrub
Shrub
Herb
Herb
Vine
Vine
Shrub
Shrub
Shrub
Shrub
Tree
Tree
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Herb
Herb
Herb

Tree/Shrub/Herb/Vine
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Native

X
X

Endemic

X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X

X
X

Bush Medicine
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Table S2. Genetic identification for all 94 samples collected on North Andros Island, Bahamas,
organized alphabetically by genus and additional information for each sample including the type
of vegetation, if the species is native, endemic and use in bush medicine.

VP-42a
VP-42b
VP-31a
VP-31b
VP-44a
VP-44b
VP-33a
VP-33b
VP-43a
VP-43b
VP-34a
VP-34b
VP-5a
VP-5b
VP-9a
VP-9b
VP-25a
VP-25b
VP-46a
VP-46b
VP-10a
VP-32a
VP-32b
VP-2a
VP-2b
VP-1z
VP-16a
VP-16b
VP-30a
VP-30b
VP-28a
VP-28b
VP-3a
VP-3b
VP-15a
VP-15b
VP-21a

ID

Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Malvaceae
Malvaceae
Euphorbiaceae
Euphorbiaceae
Malvaceae
Malvaceae
Verbenaceae
Verbenaceae
Verbenaceae
Verbenaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Sapotaceae
Apocynaceae
Apocynaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Asteraceae
Asteraceae
Apocynaceae
Apocynaceae
Rubiaceae
Rubiaceae
Goodeniaceae
Goodeniaceae
Fabaceae
Fabaceae
Solanaceae

Family
Euphorbia
Euphorbia
Flaveria
Flaveria
Euphorbia
Euphorbia
Gossypium
Gossypium
Grimmeodendron
Grimmeodendron
Hibiscus
Hibiscus
Lantana
Lantana
Lantana
Lantana
Leucaena
Leucaena
Leucaena
Leucaena
Manilkara
Nerium
Nerium
Phylanthus
Phylanthus
Securinega
Pluchea
Pluchea
Plumeria
Plumeria
Randia
Randia
Scaevola
Scaevola
Ateleia
Ateleia
Solanum

Genus
Euphorbia cyathophora
Euphorbia cyathophora
Euphorbia sp.
Euphorbia sp.
Euphorbia sp.
Euphorbia sp.
Gossypium hirsutum
Gossypium hirsutum
Grimmeodendron eglandulosum
Grimmeodendron eglandulosum
Hibiscus rosa-sinensis
Hibiscus rosa-sinensis
Lantana bahamensis
Lantana bahamensis
Lantana bahamensis
Lantana bahamensis
Leucaena leucocephala
Leucaena leucocephala
Leucaena leucocephala (Delonix regia)
Leucaena leucocephala (Delonix regia)
Manilkara bahamensis (Morella cerifera)
Nerium oleander
Nerium oleander
Phyllanthus niruri
Phyllanthus niruri
Pithecellobium histrix (Securinega acidoton)
Pluchea sp.
Pluchea sp.
Plumeria alba (Plumeria obtusa)
Plumeria alba (Plumeria obtusa)
Randia aculeata (Malpighia polytricha)
Randia aculeata (Malpighia polytricha)
Scaevola taccada (Savia bahamensis)
Scaevola taccada (Savia bahamensis)
Senna occidentalis (Ateleia cubensis)
Senna occidentalis (Ateleia cubensis)
Solanum erianthum

Genetic Identification
Herb
Herb
Shrub
Shrub
Herb
Herb
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Tree
Tree
Tree
Tree
Tree
Shrub
Shrub
Herb
Herb
Shrub
Herb
Herb
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub

Tree/Shrub/Herb/Vine

X
X
X

X
X
X
X
X
X
X
X
X

X

X
X
X
X

X
X

X
X
X
X
X
X

Native

X
X

Endemic

X
X
X
X
X
X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X
X

Bush Medicine
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Family

Solanaceae
Verbenaceae
Verbenaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Malpighiaceae
Malpighiaceae
Bignoniaceae
Bignoniaceae
Combretaceae
Combretaceae
Melastomataceae
Melastomataceae
Turneraceae
Turneraceae
Asteraceae
Asteraceae

ID

VP-21b
VP-19a
VP-19b
VP-40a
VP-40b
VP-14a
VP-14b
VP-41a
VP-41b
VP-7a
VP-7b
VP-39a
VP-39b
VP-17a
VP-17b
VP-18a
VP-18b
VP-26a
VP-26b

Solanum
Stachytarpheta
Stachytarpheta
Stemodia
Stemodia
Stemodia
Stemodia
Stigmaphyllon
Stigmaphyllon
Tabebuia
Tabebuia
Terminalia
Terminalia
Tetrazygia
Tetrazygia
Turnera
Turnera
Vernonia
Vernonia

Genus
Solanum erianthum
Stachytarpheta jamaicensis
Stachytarpheta jamaicensis
Stemodia maritima (Lepidium virginicum)
Stemodia maritima (Lepidium virginicum)
Stemodia maritima (Petiveria alliaceae)
Stemodia maritima (Petiveria alliaceae)
Stigmaphyllon sp. (Stigmaphyllon sagraeanum)
Stigmaphyllon sp. (Stigmaphyllon sagraeanum)
Tabebuia bahamensis
Tabebuia bahamensis
Terminalia catappa
Terminalia catappa
Tetrazygia bicolor
Tetrazygia bicolor
Turnera ulmifolia
Turnera ulmifolia
Vernonia bahamensis
Vernonia bahamensis

Genetic Identification
Shrub
Herb
Herb
Herb
Herb
Herb
Herb
Vine
Vine
Shrub
Shrub
Tree
Tree
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub

Tree/Shrub/Herb/Vine

X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

Native

X
X

Endemic
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Bush Medicine
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VP-47a
VP-47b
VP-20a
VP-20b
VP-6a
VP-6b
VP-29a
VP-29b
VP-12a
VP-12b
VP-45a
VP-45b
VP-22a
VP-22b
VP-38a
VP-38b
VP-13a
VP-13b
VP-35a
VP-35b
VP-4a
VP-4b
VP-37a
VP-37b
VP-27a
VP-27b
VP-23a
VP-23b
VP-24a
VP-24b
VP-11a
VP-11b
VP-8a
VP-8b
VP-1y
VP-36a
VP-36b

Sample ID

Genetic Identification

Bidens alba var. radiata
Bidens alba var. radiata
Bletia purpurea
Bletia purpurea
Bourreria succulenta
Bourreria succulenta
Buchnera floridana
Buchnera floridana
Bucida spinosa
Bucida spinosa
Caesalpinia bonduc
Caesalpinia bonduc
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia sp.
Cajanus cajan
Cajanus cajan
Cassia sp.
Cassia sp.
Cassytha filiformis
Cassytha filiformis
Chrysobalanus icaco
Chrysobalanus icaco
Coccoloba sp.
Coccoloba uvifera
Conocarpus erectus
Conocarpus erectus
Cordia bahamensis
Cordia bahamensis
Diospyros crassinervis
Diospyros crassinervis
Duranta repens
Duranta repens
Echites umbellatus
Eupatorium sp.
Eupatorium sp.

Morphological Ientification

Bidens alba var. radiata
Bidens alba var. radiata
Bletia purpurea
Bletia purpurea
Bourreria succulenta
Bourreria succulenta
Buchnera floridana
Buchnera floridana
Bucida spinosa
Bucida spinosa
Zanthoxylum bifoliolatum
Zanthoxylum bifoliolatum
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia sp.
Caesalpinia sp.
Cajanus cajan
Cajanus cajan
Cassia sp.
Cassia sp.
Cassytha filiformis
Cassytha filiformis
Chrysobalanus icaco
Chrysobalanus icaco
Coccoloba sp.
Coccoloba uvifera
Conocarpus erectus
Conocarpus erectus
Cordia bahamensis
Cordia bahamensis
Diospyros crassinervis
Diospyros crassinervis
Duranta repens
Duranta repens
Echites umbellatus
Eupatorium capillifolium
Eupatorium capillifolium

Synonyms

Cajanus indicus, Cajanus bicolor, Cajanus flavus, etc.
Cajanus indicus, Cajanus bicolor, Cajanus flavus, etc.
Chamaecrista nictitans
Chamaecrista nictitans
Cassytha americana, Cassytha filiformis var. puberula
Cassytha americana, Cassytha filiformis var. puberula
Chrysobalanus pellocarpus, C. savannarum
Chrysobalanus pellocarpus, C. savannarum
Polygonum uvifera
Polygonum uvifera
Conocarpus sericeus
Conocarpus sericeus
Varronia bahamensis
Varronia bahamensis
subsp. kubal, subsp. urbaniana
subsp. kubal, subsp. urbaniana
Duranta erecta, Duranta plumieri, etc.
Duranta erecta, Duranta plumieri, etc.
Echites echites (L.) Britt. In Small, FL, Miami

Bidens pilosa, Coreopsis leucanthema, etc.
Bidens pilosa, Coreopsis leucanthema, etc.
Limodorum purpureum, Bletia havannensis
Limodorum purpureum, Bletia havannensis
Bourreria ovata, Bourreria revoluta, etc.
Bourreria ovata, Bourreria revoluta, etc.
Buchnera breviflora, Buchnera americana, etc.
Buchnera breviflora, Buchnera americana, etc.
Bucida molinetii, Terminalia molinetii, etc.
Bucida molinetii, Terminalia molinetii, etc.
Guilandina bonduc, Guilandina bonducella, etc.
Guilandina bonduc, Guilandina bonducella, etc.
Acacia choriophylla
Acacia choriophylla

Common Names

White Beggar Ticks,
White Beggar Ticks
Pine Pink, Purple Bletia
Pine Pink, Purple Bletia
Strong Back/Bark, Bodywood
Strong Back/Bark, Bodywood
Blue Hearts, American Bluehearts
Blue Hearts, American Bluehearts
Spiny Black olive, Prickly Tree, etc.
Spiny Black olive, Prickly Tree, etc.
Huckleback, Gray Knickers, Brier
Huckleback, Gray Knickers, Brier
Cinnecord
Cinnecord
Brasiletto
Brasiletto
Pigeon Peas
Pigeon Peas
Wild Senna, shoeblackplant
Wild Senna, shoeblackplant
Love Vine, Devil's Gut, Woe-vine
Love Vine, Devil's Gut, Woe-vine
Coco plum, Pork-fat apple
Coco plum, Pork-fat apple
Sea Grape, Seaside grape, Guiabara, etc.
Sea Grape, Seaside grape, Guiabara, etc.
Buttonwood, Button Mangrove, etc.
Buttonwood, Button Mangrove, etc.
Cocobey, Pinky Winky, Bahama Manjack
Cocobey, Pinky Winky, Bahama Manjack
Stiff Cock, Boa-wood, Feather-bed
Stiff Cock, Boa-wood, Feather-bed
Pigeonberry, Golden Dewdrop
Pigeonberry, Golden Dewdrop
Devil's Potato-root, Wild Potato, etc.
Dog Fennel, Small Dogfennel
Dog Fennel, Small Dogfennel
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Table S3. Genetic and morphological identification for all 94 samples collected on North Andros
Island, Bahamas, organized alphabetically by genetic identification of species, synonyms and
common names for each species is also included.

Genetic Identification

Euphorbia cyathophora
Euphorbia cyathophora
Euphorbia hyssopifolia
Euphorbia hyssopifolia
Flaveria linearis
Flaveria linearis
Gossypium hirsutum
Gossypium hirsutum
Grimmeodendron eglandulosum
Grimmeodendron eglandulosum
Hibiscus rosa-sinensis
Hibiscus rosa-sinensis
Lantana bahamensis
Lantana bahamensis
Lantana bahamensis
Lantana bahamensis
Leucaena leucocephala
Leucaena leucocephala
Leucaena leucocephala
Leucaena leucocephala
Manilkara bahamensis
Nerium oleander
Nerium oleander
Phyllanthus niruri
Phyllanthus niruri
Pithecellobium histrix
Pluchea sp.
Pluchea sp.
Plumeria alba
Plumeria alba
Randia aculeata
Randia aculeata
Scaevola taccada
Scaevola taccada
Senna occidentalis
Senna occidentalis
Sideroxylon obtusifolium

Sample ID

VP-42a
VP-42b
VP-44a
VP-44b
VP-31a
VP-31b
VP-33a
VP-33b
VP-43a
VP-43b
VP-34a
VP-34b
VP-5a
VP-5b
VP-9a
VP-9b
VP-25a
VP-25b
VP-46a
VP-46b
VP-10a
VP-32a
VP-32b
VP-2a
VP-2b
VP-1z
VP-16a
VP-16b
VP-30a
VP-30b
VP-28a
VP-28b
VP-3a
VP-3b
VP-15a
VP-15b
VP-10b

Euphorbia cyathophora
Euphorbia cyathophora
Euphorbia hyssopifolia
Euphorbia hyssopifolia
Croton cascarilla
Croton cascarilla
Gossypium hirsutum
Gossypium hirsutum
Grimmeodendron eglandulosum
Grimmeodendron eglandulosum
Hibiscus rosa-sinensis
Hibiscus rosa-sinensis
Lantana bahamensis
Lantana bahamensis
Lantana involucrata
Lantana bahamensis
Leucaena leucocephala
Leucaena leucocephala
Delonix regia
Delonix regia
Morella cerifera
Nerium oleander
Nerium oleander
Phyllanthus niruri
Phyllanthus niruri
Securinega acidoton
Pluchea sp.
Pluchea sp.
Plumeria obtusa
Plumeria obtusa
Malpighia polytricha
Malpighia polytricha
Savia bahamensis
Savia bahamensis
Ateleia cubensis
Ateleia cubensis
Sideroxylon obtusifolium

Morphological Ientification

Common Names

Randia mitis
Randia mitis
Lobelia taccada
Lobelia taccada
Cassia occidentalis, Cassia planisiliqua,etc.
Cassia occidentalis, Cassia planisiliqua,etc.

Coffee Senna, Coffee bush, etc.
Coffee Senna, Coffee bush, etc.

Frangipani, Jasmine, Pigeon Wood, etc.
Frangipani, Jasmine, Pigeon Wood, etc.
Box Briar, Indigo Berry, Fishing Rod, etc.
Box Briar, Indigo Berry, Fishing Rod, etc.

Maravilla
Maravilla
hyssopleaf sandmat
hyssopleaf sandmat
Narrowleaf Yellowtop
Narrowleaf Yellowtop
var. punctatum, Gossypium purpurascens, etc.
Wild Cotton, upland cotton
var. punctatum, Gossypium purpurascens, etc.
Wild Cotton, upland cotton
Excoecaria sagrae, Stillingia eglandulosa
Poison Bush,
Excoecaria sagrae, Stillingia eglandulosa
Poison Bush,
Hibiscus, Chinese Rose
Hibiscus, Chinese Rose
L. camara, L. bahamensis Britton f. albiflora, etc.
Black Sage
L. camara, L. bahamensis Britton f. albiflora, etc.
Black Sage
Lantana bahamensis Britton f. albiflora, var. canescens Black Sage
Black Sage
Acacia glauca, Leucaena glauca, etc.
Jumbie Bean, White Leadtree, etc.
Acacia glauca, Leucaena glauca, etc.
Jumbie Bean, White Leadtree, etc.
Acacia glauca, Mimosa leucocephala, etc.
Grenadillo bobo, Wild tamarind, etc.
Acacia glauca, Mimosa leucocephala, etc.
Grenadillo bobo, Wild tamarind, etc.
Manilkara jaimiqui subsp. emarginata (L.) Cronquist. Wild Dilly, Wild Sapodilla
Common Oleander
Common Oleander
Phyllanthus amarus
Gale of Wind/ Hurricane Weed, etc.
Phyllanthus amarus
Gale of Wind/ Hurricane Weed, etc.
Pithecellobium hystrix, Feuilleea histrix, etc.
Bristly Cat's claw

Euphorbia heterophylla, Poinsettia cyathophora, etc.
Euphorbia heterophylla, Poinsettia cyathophora, etc.
Chamaesyce hyssopifolia, Euphorbia brasiliensis, etc.
Chamaesyce hyssopifolia, Euphorbia brasiliensis, etc.

Synonyms
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VP-21a
VP-21b
VP-19a
VP-19b
VP-14a
VP-14b
VP-40a
VP-40b
VP-41a
VP-41b
VP-7a
VP-7b
VP-39a
VP-39b
VP-17a
VP-17b
VP-18a
VP-18b
VP-26a
VP-26b

Sample ID

Solanum erianthum
Solanum erianthum
Stachytarpheta jamaicensis
Stachytarpheta jamaicensis
Stemodia maritima
Stemodia maritima
Stemodia maritima
Stemodia maritima
Stigmaphyllon sp.
Stigmaphyllon sp.
Tabebuia bahamensis
Tabebuia bahamensis
Terminalia catappa
Terminalia catappa
Tetrazygia bicolor
Tetrazygia bicolor
Turnera ulmifolia
Turnera ulmifolia
Vernonia bahamensis
Vernonia bahamensis

Genetic Identification

Solanum erianthum
Solanum erianthum
Stachytarpheta jamaicensis
Stachytarpheta jamaicensis
Petiveria alliaceae
Petiveria alliaceae
Lepidium virginicum
Lepidium virginicum
Stigmaphyllon sagraeanum
Stigmaphyllon sagraeanum
Tabebuia bahamensis
Tabebuia bahamensis
Terminalia catappa
Terminalia catappa
Tetrazygia bicolor
Tetrazygia bicolor
Turnera ulmifolia
Turnera ulmifolia
Vernonia bahamensis
Vernonia bahamensis

Morphological Ientification

Buttercups, Yellow Alder, etc.
Buttercups, Yellow Alder, etc.

Turnera angustifolia, Turnera cuneiformis, etc.
Turnera angustifolia, Turnera cuneiformis, etc.
Lepidaploa arbuscula, Cacalia bahamensis, etc.
Lepidaploa arbuscula, Cacalia bahamensis, etc.

Tabebuia affinis, Tabebuia leonis, etc.
Tabebuia affinis, Tabebuia leonis, etc.

Salve Bush, Wild Tobacco, etc.
Salve Bush, Wild Tobacco, etc.
Blue Rat Tail, Blueflow, etc.
Blue Rat Tail, Blueflow, etc.
Obeah bush, Coast stemodia
Obeah bush, Coast stemodia
Obeah bush, Coast stemodia
Obeah bush, Coast stemodia
High Nature
High Nature
Five Fingers, Beef-Bush, Gumwood, etc.
Five Fingers, Beef-Bush, Gumwood, etc.
Almond-Tree, Indian Almond, etc.
Almond-Tree, Indian Almond, etc.

Common Names

Solanum verbascifolium
Solanum verbascifolium
Valerianoides jamaicensis, Verbena jamaicensis, etc.
Valerianoides jamaicensis, Verbena jamaicensis, etc.

Synonyms
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APPENDIX 1.
Appendix: Protocols for DNA extractions, PCR amplification, and sequencing that were
conducted at the Canadian Center for DNA Barcoding, Biodiversity Institute of Ontario, Canada
(see CCDB Protocols DNA Extraction – Plants, fungi, echinoderms and mollusks; CCDB
Protocols DNA Amplification – Plants & Fungi; CCDB Protocols PCR Product Visualization,
Clean-up & Sequencing – Universal).
DNA Extraction
1.
2.
3.

4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.

Prior to processing, centrifuge plant boxes at 1500 g for 2 min.
Add on stainless steel bead to each tube which contains dry tissue and cover with fresh strip
caps. Insert boxes, lids removed, into TissueLyser (Qiagen) adapters and shake at 28 Hz for
30 sec, rotate plates and repeat. Centrifuge at 1500 g for 2 min.
Open strip caps very carefully by pulling each cap away from the well to avoid crosscontamination by the airborne plant powder. Work on one row of tubes at a time, placing it
in separate rack, wipe gloves with ethanol after each row. Add 250-350 µl of 2xCTAB to
each tube, cover with fresh strip caps.
Mix once by gentle inverting of fully covered box. Centrifuge at 1500 g for 1 min. Incubate
at 65 °C for 1.5 hours.
For plants, transfer 50 µl of lysate into 96-well Eppendorf plate.
Add 100 µl of Plant Binding Buffer (PBB) to each sample using multichannel pipette of
Liquidator 96 (Mettler Toledo). Incubate for 5 min at RT.
Mix lysate 5-10 times by pipetting, transfer the lysate (about 150 µl) from the wells of
microplate into the wells of the GF plate (PALL1 or PALL2) placed on top of a square-well
block using multichannel pipette. Seal the plate with self-adhering foil. Centrifuge at 5000 g
for 5 min to bind DNA to the GF membrane.
First wash step: Add 180 µl of Protein Wash Buffer (PWB) to each well of GF plate. Seal
with a new cover and centrifuge at 5000 for 2 min.
Second wash step: Add 750 µl of Wash Buffer (WB) to each well of the GF plate. Seal with
a new self-adhering foil and centrifuge at 5000 for 5 min.
Remove the self-adhering foil. Place GF plate on the lid of the tip box. Incubate at 56 °C
for 30 min to evaporate residual ethanol.
Position a PALL collar on the collection microplate and place the GF plate on top. Dispense
50-60 µl of ddH2O (prewarmed to 56 °C) directly onto the membrane in each well of GF
plate and incubate at room temperature for 1 min. Seal plate.
Place the assembled plates on a clean square-well block to prevent cracking of the collection
and centrifuge at 5000 g for 5 min to collect the DNA eluate. Remove the GF plate and
discard it.
Cover DNA plate with cap strips. DNA can be temporarily stored at 4 °C or at -20 °C for
long-term storage.
Use 1-2 µl of the DNA for PCR.
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PCR Amplification
Basic recipe for PCR for rbcL Marker: PCR reagents per 12.5 µl reaction:
# of reactions
10% trehalose
ddH2O
10X buffer
50 mM MgCl2
10 µM primer A
10 µM primer B
10 µM dNTPs
Polymerase (5 U/µl)
Total
DNA template

1
6.25 µl
2 µl
1.25 µl
0.625 µl
0.125 µl
0.125 µl
0.0625 µl
0.06 µl
10.5 µl
2 µl per well

100
625 µl
200 µl
125 µl
62.5 µl
12.5 µl
12.5 µl
6.25 µl
6 µl
1050 µl

Dispense 10.5 µl (for 12.5 µl reactions) of total mix in 96-well plate and then add 1-2 µl of DNA
extract (30-50 ng/µl).
rbcL PCR Thermocycle Program: 94 °C for 4 min; 35 cycles of 94 °C for 30 sec, 55 °C for 30
sec, 72 °C for 1 min; final extension 72 °C for 10 min.
Basic Recipe for PCR for matK Marker: PCR reagents per 6.5 µl reaction:
# of reactions
20% trehalose
ddH2O
10X buffer
50 mM MgCl2
10 µM primer A
10 µM primer B
10 µM dNTPs
Polymerase (5 U/µl)
Total
DNA template (diluted 10x)

1
1.875 µl
2.6 µl
0.75 µl
0.225 µl
0.375 µl
0.375 µl
0.15 µl
0.15 µl
6.5 µl
1 µl per well

100
187.5 µl
260 µl
75 µl
22.5 µl
37.5 µl
37.5 µl
15 µl
15 µl
650 µl

Dispense 6.5 µl (for 7.5 µl reactions) of total mix in 96-well plate and then add 1-2 µl of 10x
diluted DNA extract (3-5 ng/µl).
matK first round (matK-KIM1R-f/matK-KIM3F-r) PCR Thermocycle Program: 94 °C for 1
min; 35 cycles of 94 °C for 30 sec, 52 °C for 20 sec, 72 °C for 50 sec; final extension 72 °C for 5
min.
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matK second round failure-tracking (matK-390f/matK-1326r) PCR Thermocycle Program: 94 °C
for 1 min; 35 cycles of 94 °C for 30 sec, 50 °C for 40 sec, 72 °C for 40 sec; final extension 72 °C
for 5 min.
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Sequencing
rbcL: Dilute PCR product adding 15 µl of molecular grade water in each well. Spin the plate.
matK: Dilute PCR product adding 40 µl of molecular grade water in each well. Spin the plate.
Sequencing chemical recipe:
# of reactions
1
104
5X Sequencing Buffer
1.875 µl
195 µl
DMSO
0.355 µl
37 µl
10 µM primer
1 µl
104 µl
BigDye
0.250 µl
26 µl
ddH2O
5.520 µl
574 µl
Total
9 µl
936 µl
Diluted DNA
2 µl per reaction
Sequencing Thermocycle Programs:
matK Forward (matK-KIM-1R-f): 94 °C for 10 sec, 35 cycles of 94 °C for 20 sec, 60 °C for 4
min; hold at 4 °C.
rbcL (forward and reverse) & matK Reverse (matK-MALP-R): 94 °C for 10 sec, 35 cycles of 94
°C for 20 sec, 50 °C for 20 sec, 60 °C for 4 min; hold at 4 °C.
Sequencing Cleanup:
1. Add Sephadex powder to the Acroprep 96 filter plate. The standard amount of powder is
measured by a column loader.
2. Add 300 µl of dH2O. Let Sephadex hydrate for 2 hours at room temperature, or overnight at
4 °C.
3. Assemble the Sephadex plate onto collection plate and spin at 2100rpm for 5 min.
4. Immediately proceed to loading sequencing product onto the Sephadex columns, to avoid
drying. Use fresh plate as collecting plate.
5. Spin at 2100 rpm for 5 min.
6. Dry the cleanup product at 88 °C for 20 min, then cover the plate with rubber lid, and place in
the freezer at -20 °C until it is placed in the ABI capillary sequencer.

